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a Much study has been given ‘to re. capacity of wile to een water and 
oil, and , with 4 the use of deep wells for the drainage of irrigated lands, the kas 
shape and extent of the cone of depres 

is paper three types of well: Is 


necessarily flowing), a perforated casing extending through the water-— 


bearing stratum; 


which its ft il] 


definite indefinite are 


draw- down curves: of 


conclusion i is that if the be is more a few 


hundred feet i in | diameter, successful drainage will depend « on a general lowe ere 


To secure this lowering, wells should be designed to have ‘the erestest 


possible capacity 1 with an economical lift. ‘Such capacity may be secured 1 most 


‘readily, here conditions are favorable, by deep wells. 


the quantity of water or oil be secured from wells under condi- i 
4 tions differing as to diameter and depth, thickness and character of wate 


bearing strata, and depth of draw- down. Since: wells: and deep-well 


hav. 


have b en u 


he draw-down curve 2 or cone ¢ of depression have become of primary important 


It is difficult, if 1 not to determine by field studies and laboratory 
r the of water of th 


—Written on paper will be in 1931, Proceedings. 
‘lIrrig. and ‘State Agri Coll. Div of Eng., 


— 

= 
il: 
- — 
— 
La (B) wells in which the water-table is in the water-bearing ies 
} and (C) open-bottom wells that is 
Cases in which the zo 
considered for each type; 

a 
— 

bw of ground-water and 
— 

— 


strata in any g given “case. :. In spite of this fact, however, it it is well worth 
Ww hile to consider the effect on the draw-down curve of changes | in the various 


con 


_ The f first assumption which is made in such studies is that the water- 
"bearing s strata are uniform. This will be approximately true in most cases, 


but far from correct in others. Since the variations in this regard may 


“infinite in number, and are impossible « of ‘determination, it does not seem - 
vot 


worth while to. attempt a discussion of such cases. 
a A second assumption, which is is applied in the case of those wells that p etl 


"transmitted without i: ina a vertical direction and that it ‘corresponds 
a 


static pressure in any given vertical line; in other words, that the water 
2 oe would rise to the same level in each of a series of piezometer tubes open to 


the ground- water at various elevations below the water- table in the— same 


vertical. This assumption is true in regard to artesian wells that 
extend through a water- -bearing stratum, when the retaining beds are imper- 


_ vious. When the water- table is in 1 the water-bearing stratum, the lines of 
r flow will not be horizontal, and the second assumption is not correct. - However, 


x only i in the case of 1 wells in w Ww hich the » draw- -down i is. large a: as compared with the 
depth of the water- bearing strata—and even ‘then only near the well where 


a _ the slope of the water-table is great—will the error be appreciable. seated 


Pie Pe In this paper » the piezometric surface and water-table are assumed to be 


> level before pumping commences. From this : assumption | it follows that there 7 


no flow of the ground-water except to the well. » 
7 _ ft the case e of the drainage wells designated atte by the secondary letter, 


the assumption that the quantity of water reaching the -water- table. is 


uniform per unit ‘of land area, seems to require either that the | well under 


_ consideration is in the interior of a homogeneous group of wells the zones of 


-influer ce of which are. contiguous, or that the -water- -table at the boundary 


of the zone of influence i is. at at the s surface of the ground. oi : 

ig evident that these assumptions in themselves limit the rigorous appli- 

cation of the formulas to Very, special cases. _ An exact application | of the Jaws 


thst: general relationship between the variables considered a are 
and have rather wide application. 9 ots: 
* the _ The fact that the cost of power is a controlling factor i in irrigation pump- 


‘makes the total extent of the draw-down in irrigation | wells” a matter of 
first: consideration. In the case of drainage wells, the extent of the draw- 


“down at the wells and throughout the drained area is of primary 'y importance. 


"efficiencies, and : friction losses i in » the: piping) i is 3 proportional to the total height } 
_ through 1 which water must be lifted. This total lift is made up of the distance 


; _ the water must be lifted above the static water-table, plus the total draw- down. 
The is the topography ‘and other considerations, but is not 
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by changes well. " ‘The total draw- down is made up of the 


- ; into the well tube, plus the loss of head through the water-bearing strata. . Under 


\' normal conditions the last ite item is by far the largest part of the total draw- 
down and is the o1 only p part considered The loss of head at the strainer 
a is known to o have been | an important factor in many instances. = a 
The shape of th the -draw-down curve will depend on the ‘size and character 


the well and < on its relation to the w ater- bearing strata and the source of 


. Theoretical formulas and | curves” for. three types of wells are 
> eee herein, For each type the effect of a | local or r distant water ‘supply is 

taken up. Furthermore, the ‘effect of changes in the character and thickness 


the -water- bearing s strata, of the diameter and depth of the the 


quantity of water is illustrated. 


Noration 


a constant. 


= = coefficient i in 
factor that varies with the porosity, of the material. 
velocity of a stream of water. 
ai In order to reference, various types of wells are identified by 
i, 9 mmbols in the paper. Briefly, the definitions of these symbols are, as follows: 
: es Type Aa i is an artesian well with a perforated casing that extends through a 
the -water- bearing stratum. ‘This stratum is assumed. to lie between two im- 
‘pervious retaining beds’ and contains water under such hydrostatic: pressure 
that: the water level just outside the casing will not be lowere i 
Type Ab is an artesian well with a perforated cas rat « 


water-bearing stratum. this | case the e overlying stratum i is only rela- 
tively impervious and and ~ supply to the well is derived by vertical | flow, or 


ke aw Type B consists of wells in which the water-table is in the water- ree 


tratum and which penetrate the full depth of the stratum. a oe ‘schol ae 


Type C is an open- -bottom well which just reaches the water- bearing 


wy £ The relations between Types . Ba and Bo and between Ty} pes Ca and Cb are 


i = 
___In addition to the symbols, defined by diagrams in Figs. 1, 4 and 6, the 
for use in this paper and its discussion: __ 
{ 
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: 
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A.— ARTESIAN ‘Wets EXTENDING Stratu 


case of the simplest been discussed by Slicliter,? 
_ Turneaure,’ and others. It is that of a well penetrating” the full depth of a 
water: -bearing stratum lying b between two relatively i impervious | retaining beds 
and containing water under such hydrostatic press pressure that the water level in the 
well, or rather just outside the wi well- -casing, w ill not be low ered, by pumping, 
below the upper edge of the water- -bearing stratum. yt 1. In each case these writers 


Water in Well Tube 


, cs have assumed that all the water came into the stratum from outside the zone of 

vane influence of the well. fis Under such conditions, the curve of the modified piezo- _ 


“ metric surface v would 1 rise | indefinitely, but at a decreasing rate, as the ance 

from the well. is increased. The water flowing toward the well will pass. 
“through: concentric ‘eylindrical surfaces" in the -water- -bearing stratum, 
a areas of 227 Dr (for notation, see Fig. 1). - ‘The velocity of flow according to 
the well-known law of Darcy will be proportional to the slope | of the hydraulic a! 
gradient. For convenience, the transmission coefficient, k, used by Slichter,’ 

and defined as the ‘quantity of. water passed in unit time by a prism of the | 


of unit cross- -sectional area and unit length under the pressure of 


occupying the full area of the cross- section at any distance from the well is, 


quantity, Q, flowing the well, to the discharge of the 


-(2) 


_2Theoretical Investigation of the Motion of Ground Waters”, by C. S. U. 
e: Geological Survey, Nineteenth Annual Rept., Pt. 2, p. 323, ‘Washington, D. C., 1899. 


262, sons, Now rork, E. Turneaure and H. L. Third Edition, 
ohn ons ew York, 1927. 
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5. 
On Fig. 2 the -down curves for certain assumed values of 


s 


vos 


Distance of Water-Table 1 
ater Level at Well 


above 


= 


B00 «1000 «1200 +1400 1600 1800 2000 
Distance in Feet from Center of Well Pid 
-DOwN CURVES FOR TYPE Aa 


Type Ab. wells are used f for the drainage of irrigated lands « during 


the irrigation season, or of humid lands during rainy seasons, the conditions 7 


- modified to the extent that the w ater supply | does not come along horizontal ian g 


"planes from an indefinite distance, bat downward from the soil overlying the 


a _ When a we ell is f first put into operation tl the water withdrawn n from or 


of depression will most probably - ‘reach the water- bearing stratum at a greater 
tate per unit of land area near the well than at a greater distance. . After e 


water- table h lowered to an equilibrium position the supply will come 


all cases will be by surface and will be substantially inde- 
pendent of the draw-down. For this reason a uniform rate is assumed. aa _ 


w is the rate of in cubic feet per minute per 


4 square foot a horizontal area, ‘the conditions are - expressed by the following Pia 


= 
4 in which, is the the well and variable quantity 


7 
— 
| 
is 
| | 
e 
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ter 
— 
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k 


depth the in 150 if Ry =1 the values of C will 


es practically zero. With other values of Rj, C will be the > same in this case 
s in the one e preceding, — It will be noted that the factor, w, is - somewhat | 


a 
analogous to th the transmission coefficient, Its value is is 80 small compared 
to the common values of k that ordinarily there will be - no inconsistency in 


- the assumption that the percolating water moves downward through the rela- 
tively i impervious stratum. . The zone of influence of the well i in this case will 


be governed by the values ¢ of w and Q; : in the followi ing ‘relation: a ; 


(6) 
in which, R equals the radius of the = of influence. 


pumpin 
‘through the upper movement will Pay be in an 
-vertical direction as s long as the piezometric surface slopes t toward the well. 


However, as the uy upper stratum is relatively ‘much more impervious s than the 
_ lower one, vertical flow may be assumed without serious error, except very 


“close to the well where slope of. the water- -table is extremely Tet 


sl the more impervious ‘material below the level of the eteealiel ‘surface at 
well. these conditions the following formulas will hold: 


in Equation (9) the value of given in Equation 


‘Equations (5) and (10) will hold only for values T to, or less than, 


Tyee B. IN Waren Tapue Ist IN ‘Wares. Beane 


_Anothee common case Ba) is in Fig. The water- table, 


‘both under the static condition and pumping, lies wholly within 


8 
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down curve in this case is (adopting the notation used h 


— 


A 
VA 


|__| Water Table 


istance in Feet Above Water Level at 


Tet Pr ove Fic. 3.—Draw- Down CURVES FoR TYPE Ad qui ards “tes 


the | In Equation (11), when r= R,, ph= D; ; and, if Wal =1, then = D2, 


mess “Here, again, the value of vary with the factors if Ri does 


PT 


. Water Level Outside of Casing - 
“Water Level in Well Tube —— 


ae iol ype Bb. —In the more ane case of drainage wells, 


r- Supply comes from the cone of 


WELL. 


a 
ol 
— 
4 
&g 
= 


Papers 
= = = 1, second term on 
= 4 5 shows some 
pleat 


Pea 


| 
| | | | jets 


Feet of Water - Table 


Above Water Level at Well Casin 


“300 1000 1200 1400 1600 1800 


“Fic. 5.—Draw- Down CURVES FOR TYPE Bb WELLS. 


—Orex Borrow DRIvEN JUST ‘TO THE Was ATER- -BEARING STRATUM 


Ter 


are drilled consolidated tap an artesian 
flow in in a water-bearing stratum of sand or gravel. Iti is usual in developing ; 


wells of this type | to pump out “more or less sand. the overlying bed i is 


“Water Table 


Piezometric Surface 


& aoe Water Level Outside of Casing - 
ee Water Levelt in Well Tube 


fy f 


of ‘repose the when supersaturated with water. 
vation of sand which is s discharging water when excavated below the water- 


“i size until the velocity. of the water leaving the , surface of the sand 


— right of the equation is practically zero an 4 
of 
— strong ww the sides will be that of 
d with the point downward. The slope of 
= 
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insufficient to lift. the finer particles. Ina mixed ‘material the finer er particles — + 


will be ashed out, leaving the cavity lined with the coarser particles. For 


this yeason it is not t necessary in all cases to excavate | a shaft of large e diameter 
e to secure the maximum im efficiency of this type of well. ia The velocity required to 
. lift a particle of sand will vary, of course, with the size of the particle. chs itinld 
_ It is not necessary that the velocity « of the + water in the c cavity just above. 
the sand be ‘great enough to carry the sand particles vertically upward. 


~ bubbling v up of sand in a spring shows the action which takes place. | Richards,‘ 


m streams which would hold quartz particles of various sizes in f full ‘ “teeter”. ape 
This condition is somewhat similar to that which akes- place in wells” or 

springs. By plotting them on logarithmic paper his data are ‘to be Tepre- 
Pe a reasonable ac accuracy by the follow ing formulas: 


For 1.25 to 7.0 mm. im diameter: | 


Fa or nein 0.25 to 1.25 mm. in. diameter: 
which, equals the v velocity of the rising feet pe per and 


TUM 
is diameter quartz particles, i in millimeters. 


nls he ie stratum for the two grades 
sian will be as follows 

‘For particles 0 mm. 


For particles ¢ of 0.25 to 1.25 mm. 


in studying ore-classifying machinery, determined velocity « of the rising 


i ‘Whenever 1 the water-bearing material is made up | of sands of various sizes, 


§ the finer materials will be removed entirely, and the s size e of the cavity will 


unfay orable for the 


1e cavity is : hemi- -spherical i in shape e and has the | same , superficial ar area as —— #4 
one. ‘The radius, Ro, of this hypothetical cavity will be 0.716 b. In this case ~ 


ite water approaching the well may be assumed to pass hemi- va surfaces 
~ having areas of 2 x r2. Following the same’ procedure as in the case 


“Development of Hindred-Settling ipa by Robert H. 


> 
_ Am. Inst. Min. and Met. ‘Baere., Vol. 41, p. 425, 191 on 


_ undoubtedly: depend on the proportion of fine material. is that 


& 


he 
| 
™ 
q ' 
q 
— 
<a 
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ll 
at of — 
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jC 
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Obser- 
water- 
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a 


Buation (18) will hold only if ‘the water- r-bearing stratum is of very great 
depth. if this stratum is of moderate depth, an : ‘approximate solution may ie 
- reached by using Equation (18) for values of r between 0 and D and Equa- 
“tion (8) for values of r greater than Dz. ad bets 
A ‘al ype Ob. —For the drainage well there will an approximation at 
- lt the term is subtracted that accounts for water reaching the water-table from the 


_The ‘same between the piezometric the water- table 
in this case as in that of wells of Type Ab. Fig. for 


The height of the water- ‘table will be: 


Another type of well which has been used in some faint-hearted attempts — 
| drainage, and one that is fairly common in the irrigation field, i is the dug 


well which just reaches into the water- table and is ‘pumped to its utmost 


capacity. ‘The draw-down curves for wells of this type would be quite similar 


2 to those of large ‘diameter wells of Type C. _ The flow of water r through the 


stratum above the level of the bottom of the well would tend, of — to 
the flatten out faster as r r is inc increased. Sule 


Many experimenters li have worked on problem of the rate at 

‘soils, sands, and gravels will transmit water. “Much | of, this study | has been 
- directed toward establishing some formula which would make possible the 
e “accurate prediction of permeability from : an analysis of the physical charac- 


teristics of the material. Thus far no formula satisfactory over a wide range 
materials and conditions has been found. one by Slichter’ 
(1.1846) - 


— 5 “Theoretical Saar of the Motion of Ground-Waters” U. S. Geological Survey, cal Survey, 
eS Annual Rept., Pt. 2, p. 322, Wash., 1899; a Motions of Underground Waters”, 

upply Paper 
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in which, k is aia transmission cocficient, in cubic feet per er minute, p per r square 


Factor varies the porosity of the material. (21) was “used 


to determine the value of corresponding to the given ‘effective sizes ‘and 


ng 
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200 400 + +.600 800 
“ Distance in Feet From Center of Well 


Hazen,® Slichter,° Stearns,’ and others, have given the results of experi- 
2 nental determinations of the rate of flow through sands and gravels. It is ‘ 
to secure samples, for laboratory test, of unconsolidated. material 


occurring near the surface in such a manner as not to disturb its structure. - 


and porosity. Such ‘samples cannot be secured of the deeper- lying strata. 
i of this difficulty laboratory | tests of the rate of flow seem to be much n more 


e satisfactory. than the attempt to compute the rate from mechanical analyses. ae 


Meinzer® refers to a ‘method devised by Thiem, which appears to promise 


a good results. In this gutted use is made of the slope of the w ater-table toward 


. *Some Physical Properties of Sands and Gravels with Special Reference to —— 
Use in Filtration”, by the late Allen Hazen, M. Am. Soc. C. E., — 7 Board of 
‘Health, Twenty-fourth Annual Rept., 1893. af | ge BY 
_ “laboratory Tests on Physical Properties of Water-Bearing Materials”, by 
4 Stearns, U. S. Geological Survey, Water Supply Paper 596 F., Wash., 1927. lal 

“Methods of Estimating Ground-Water Supplies, Pt. I’: Contribution to a 
0. Meinzer, Annual Technical Session, Soc. of Econo mic Geologists, 1928. = 
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The most obvious ¢ to be drawn from the curves a data Ass 


‘haan’ is that satisfactory drainage by wells | depends on the removal of suffi- 


ronal water to | lower the ‘general ground- water level. hy ‘This, of course, agrees 
with - ‘the general opinion of engineers engaged i in the drainage of ichaeted 


lands by open ditches and tile- drains. It will be noted that in none pin i 
plotted curves 11 in which the wells taking all the water supplied to the 
ground- -w ater in an area havi ing a radius of 1500 ft. is satisfactory: drainage a 
secured for more than 300 ft. from the well. _ In this statement | “satisfactory - 
drainage” is 1 understood to mean a lowering of the water-table 5 ft., or more. | te 
In the case of av well discharging 360 cu. ft. per min., the radius ot ‘te: circle” . on 


with a 5-ft. lower ering of the table is almost 800 w ith a total draw- 


Plotted « curves from successful wells bear out ‘results. Where 


— 


such wells have accomplished | satisfactory drainage over a considerable area 

_ there is evidence 1 that the general level of the water- table has been affected. a 
‘The | plotted « curves are very flat at and beyond the point . where the water-table | 
has been lowered sufficiently to provide adequate drainage. In some instances, ; 


“local pot- -holes may be drained by single wells which have ave little or no effect 


on 2 the general level of the water- table. 


1 OL 


— It is evident that such : a well should be designed s 80 as to reduce t the draw- 

- down close to the well as much as aa possible and still maintain a sufficient depth 

i the water-table at the limits of the area to be drained. A \ comparatively 

shallow w well ¢ appears to be most advantageous for this purpose. The quantity 

of water pumped must be sufficient to cause the required draw-down in the > 

a Whenever | that area has a radius of more than a few hundred feet, it would © 


seem to be necessary to plan | on a more or less general | lowering of the water- 


| — 


of wells the quantity of water delivered is to the trans- 
mission coefficient. An i increase in the depth of water- bearing strata, pene- 


trated is followed by a increase of flow i in wells and 


In wells of Type A and Type B a in the ‘diameter of the w well 
co atively small effect 0 the capacit 


— Note i in Fig. 3 that the total draw-down of a a given Ww a ft. in diamete 


‘gia penetrating 50 ft. of water-bearing strata, is 82.9 ft. Under otherwis 
z imilar ‘conditions the draw-down of : a well of six times the diameter pene- 


5 trating the same depth of strata is 25.3 ft. (77 % as great) while that of a well 
ie of the same diameter and penetrating twice the depth of w ater-bearing vould a 
is only 17.0 ft. (52% as great). In 1 wells of Type C it is obvious that as Jong 


a the cavity at the bottom of the well has a greater diameter than that of the — 


well- tube the latter will not affect draw- -down curve. In 
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Saint means that the diameter of the w ell is not a factor unless’ it is V ery large. 

. As shown in Fig. 8, « open-bottom wells, even if of large diameter, will have : a — 

elatively great draw -down. These computations indicate that u under uniform 
‘eosilliions the capacity of wells may be much more readily increased by increas-_ — 
ing the depth of water- than | by i ‘ine ncreasing the 
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DAMS ARCHED DOWN STREAM 


When a eanyon site adapted to a gravity type pe of dam 


wend > question a as to the desirability of arching it in 1 an up-s stream direction. 


The writer r advocates the straight gravity dam for certain sites as, , for a 


the ‘St. Francis ; Dam, and > gaan further arguments to support his theory 1 that 
ituations a dam curved down stream may be | preferred to the other 


n, in discussions on -eurved, gravity dams in 
‘canyons, any reference to the relation of the curvature of the d dam to the os ; 
‘of the side walls. He has been interested in this problem for a number of years, — 
particularly: since tl the failure of the St. ‘Francis Dam in ‘March, 1928. 1 
shows a concrete model of this dam built to a scale of 2409 “sd 7 in. = 20 ft., in 


made of ‘planking a as s shown. 2 


‘The model was formed in place. It a of 8. 25 in. a 


of 10. 253 in. and @ CTOss- section similar to that of the St. Francis Dam, with the 


exception of the heel on the lower 20 ft. The radius of the arch was 500 ft. = 
or, for the model, 25 in. Sections and elevations of a dam illustrating | a 


supplementary feature are given in Fig. “This” feature is 


Assume that the dam acts as . unit, instead of treating - each foot i in rina hl 


a8 a a gravity dam. In ‘the model it is readily seen that, 4 & dam overturns, - 


passing through the toe of the “highest section. Then if the dam 

overturn the ‘greatest pressure will come first upon these extreme ends, and 

the remainder of the toe will be under smaller pressures. 


if In the model as constructed, the toes at the ends | are found to be a bout — 


35 j in. (70 ft.) back of the toe at the doops section. Had the ‘slope of the 


es 


q 
— 
ry 
= 
— 
— 
te 
> under no pressure when the dam starts to overturn, but the sloping 
ds the dam are hanging as cantilevers on the central part of the structure. _ 
onsider that the curvature d 1 the sl — 
of the dam and the slopes of the canyon walls 
| 
— 
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g. 1(d), the 

of the could easily have been in front of toe at the deepest 


section, in fact, ‘one end was in front of the toe, in the St. Francis Dam. 


: 
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Elevation in F 


Gravity 
Elev. 47.0 ft.. 


ARCHED DOWN STREAM 

Plan of Approximate Model of St. Francis Dam 
Elev. 35.0 ft. 
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ok 


m as a 
‘unit to fall nearer the toe. ‘In the model the gravity is found to be 


5. A in, from. the toe (see Fig. 1(c)) while for : a small length of dam at its. 
deepest section the center of gravity is about 5.5 in. from the a ee 


Likewise, the center of pressure of water acting on the rear of the model 
dam i is found to be about 4.1 14 in, above t the , base, and the total pressure to be. 


: about 25.7 lb. If full upward pressure is assumed at the heel, varying to zero 
, this will be 22 lb. will 


be found that a push. Pp of | ons 
88. 8 ib. is at the top to overturn the dam, with reservoir empty. 
‘9 actual test a force of 24 lb. was required. if applied at the center of water 
- pressure, that is, 4.14 in. ‘above the base, the theoretical force, | D, ore is 


“Mar 
15 
— unit 
iii 
a; 
ath 
_§ 
horiz 
and 
press 
5 
or 
3 shows a cross-section of the model t the dle center 
abou 
or 15 
only 
this 
dept 
over 


"Moreh, 1981 DAMS ARCHED DOWN STREAM 427 
resultant of the w weight of the the dam and pressure is s found 
cut the foundation about 2.9 i in. from 1 the toe. 2 - Assuming that | a section —_ 


- " in. . wid ide takes all the pressure at the time of incipient ‘overturning, the Pi 
whit 
u it pressure per square inch on the at the toe is, 


(« 


in which, L is the width of the e base, and a, the d distance | from the the toe to the 
=— x 11.0 Ib., if applied over 


z length of dam (of 1 in., and 1.47, if applied over 7.5 in. -inl length 7s 


Feet 


rs ~ 


; Elevation in 


with no Upwar Presgure Resultant with no Upward Pressure 


with full Upward Pressure, 22 Pounds Resultant with full Upward Pressure, 22 Pounds “ny 


Fic. 3.—SECTION AT THE CENTER, 4.—SECTION AT THE CENTER, Fic. 1(b), 

: Since the scale of the model is 1 in. = 20 ft. = 240 in. the stress, p, at “ae 


the toe in the full- sized dam would be a 1.47 x 240 = 350 Ib. per sq. in. on a ae 5 
horizontal ‘section, and about 500 Ib. 3 per sq. in. _if the actual thrust resultant 7” 
and a 1 a plane normal to it are used for the computation. _ With full upward — 
‘pressure at the heel; “varying ‘to zero at the toe, the factor of safety 
overturning about the toe is small, because the ‘comes within 
Lin. of the toe in the model. 

a The foregoing remarks indicate that if the ov ertrning sof the dam cnr 


_thout the full length of the toe, at tits d deep section (that i is, 


this s is not horizontal, bat j is s built i in a “valley the 


depth’ of which occurs over a short distance or nly, the turning might take place 


‘over. a much restricted length of toe, and the pressures” would increase cor- 
For example, “if i in the St. Francis the toe on a section 


il 
the 
pest 
_150 
— 
lm 

n at its 
model ila 
— 

to zero | 7 
inside 
Ib. 
center 
per sduare men on the toe would be 4 
ty. PY 
of water 
uired is 
td 


‘pressures might 1 500 db. per sq. in. , even with no pressure 
= 


With: upward “pressure considered and with the “resultant cutting’ the 
foundation 1 in. from the ‘toe, the unit pressures | as determined by Equation | 
_? 2 x 48 3 x - 


‘Ifa applied over the center ‘section (7.51 in. w vide at the: toe), , this w ould give more 
than: 2.5 Ib. per sq. in. on the model, or 2.5 < 240 = 600 Ib. per sq. in., on the 


19 ‘per ‘sq. in. 


section horizontal t to the thrust, and 850 Ib. on the section normal 1 to the thrust q 
section of ‘of the St. Francis Dam left standing was only about 90 ft 
long. ‘if this represents the length | of base on which turning ‘might have 


ee by crushing at ; the toe. * . his is may y have caused 1 the e beginning of the overturning. 
‘The end portions would then break off, due to Ww water Pressure and the weight 


yale of the left standing the p pressures on ‘tis front to this hinge 
the toe already mentioned The off the large masses of concrete, 
_ The values i in this ‘Paper ¢ are neces- 


a belief that the dam might have failed even if it had been built on granite 


i The 1 writer believes that a straight nies dam would } have been prefer able 
= to the curved one as built. ‘He will go one step farther and state that a dam 

7 arched down stream (Fig. 1(b)) would have been even better for this location. 
a OA concrete model of this type of dam was built at the same time as the 

model in Fig. The same gravity ‘section was used and the game r: radius 
ay of curvature. ' The models weighed practically the ‘same, within: a few ounces, 


and an analysis of the two volumes seems to show practically equal quantities 
oe, 


materials required for the two conditions. (See Figs. 1 and 4. 


In the model with its back down stream, however, the center of gravity 
was ‘about 6.75 in. from the toe | (see » Fig. 1(b)). id In consequence, the resultant 


of the t total water pressure on the rear and the total weight of the dam cut 


mie 


the base back of the mid- -point, and the unit pressures under any of the con- 


ditions assumed in the foregoing example w were ‘materially - reduced. t”™” 


Theoretically, a force of 78 Ib. ,is required at the center 


pressure to overturn this dam about the toe. In the 80 Ib. 
Puig was required. — ¥ T his, compared with the water pressure of 25.7 lb. on the back | 


of the model, gives a factor of safety of about 3, if ‘upward pressure is 
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sure has practically 1 no factor 

has a factor of safety of more than 15 ifs bye paula 


ltd is also to be noted that if a radial section is studied, its base, in the case 
of a dam ; arched down. stream, slopes up toward the toe; while i in the case of a 
the dam the arch of which i is up stream, the base slopes down toward the toe. 


The amount of this s slope varies from about 35 ft. at the deepest section to, say, 


It is presumed that the water pressure on a gravity dam arched up stream 
ore will t tend to close any shrinkage cracks, the sections acting as voussoirs of an 
athe arch. might seem as if if the dam that was arched down ‘stream would have 
rust. greater” tendency to open up up along shrinkage « or construction joints than 
0 ft. ‘if it was curved the other way. _ The writer can scareely concede even this 
we. fom it is observed that the entire ‘dam i is much ‘more ¢ stable, ‘and 1 any radial 
lure unit must be tipped | -hill to ‘cause failure. The wings tend to tip against 
ning. the walls « of the canyon when the back of the arch 3 is down stream, instead 


eight tipping ‘into the canyon as is the tendency when arched up p stream. 


the An model of a straight gravity was also built (see Fig. (a) 

hinge was found to. be somewhat more stable than the dam arched up en 
mais (Fig. 1(b)), and d considerably less stable than the one arched down stream (Fig a 
neces- ; 1(c)). In all cases, the overturning press sures were applied at the center of 


ustify pressure through | a bent hook and a standardized spring balance, using» 


\ The writer is strongly of the opinion that, , before any definite design for 

erable JB 8 dam in a “canyon is accepted, relatively large models of the actual canyon, 

a dam with its actual fou foundation profile, and of the pioposed dams_ and footings, 

ration. should be made and studied. Had this been the practice in the past: ‘it 


as the thought that quite likely some of the accepted designs might have been con- 


radius siderably ‘modified, or ‘the footings and abutment conditions materially, 


ntities ft will be observed ‘that ‘the basis 0 of this: study is an assumption that, in- 
the dam will act as a unit. Construction and shrinkage cracks | 
rravity “not be eliminated, but the sections will interlock more or less, and 


t. F 


sultant will be of large ‘size, as illustrated by | the central block of the § oi 


cut Dam which was left standing after the disaster. 
ne suggestion that could be applied to the arched dam with its bacl k 
down stream is “illustrated in| Fig. 2. Consider the St. Francis Dam, for 


‘example, and assume the curvature ‘Wig. 2(b) shows the dam built 


up to a height of, say, At this elevation an eye- -bar Suspension 
chain of any eross- -section “desir ed, and anchor it at each end into down-— 
80 Ib. = 
sloping tunnels i in the canyon walls. After the chain placed, and the ends 
ure is are anchored, jacking pressure could be applied | to a saddle at its center, and 
“ any predetermined initial stress could be maintained while concrete 
Soe a being placed over the cable. As s many cables or chains as desired could id thus b be 
placed at ‘such elevations such cross-section as would be. found 
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It seems reasonable to a: assume that the quantity of -eonerete could be 


reduced to such an extent as to pay for the steel and still have a safer dam. 


ee scarcely be said that these eye-bar cables would act | as tensile - rein- 


- forcement to tie ‘the large blocks of the dam together, because the “percentage 


4 
of steel compared with the quantity of | concrete would necessarily be ‘small. 


However, picture a chain of, “say, ten ‘bars, each with a of 12 by 
8 in. (240 sq. in. in all), ‘made of a steel with an ultimate capacity of 100 000 
ob per sq. in., 0 or more. With such a chain, requiring a force of 24 0 000 000 Ib. 


’ to break it, ‘one might be justified in _ expecting that the larger segments of a 
dam would resist separation for some time. «= 


& All this may § seem unorthodox, but no harm and , perchance, some benefit 

may result from a discussion of the proposals herein outlined. 
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_ ENGINEERING FOUNDATION COMMITTEE O 


Abr ined M 
_ ARCH D AM. INVE E STIGATION 


would like to discus ss the more important aspects: of Professor ‘Slater’s 
contribution i in presenting his ideas as to the stress distribution i in shells. dere? 

ag _ Referring to Section 40, the crack along the central cantilever that devel- 
oped between the bottom and Elevation 60 may have b been caused to a certain 
extent by initial stresses. _ Nevertheless, ‘axial tension also must have played 

its part, , because vtertien the extension of the crack along both faces of = 

Fro om Fig. 85(a) it is under a 40-ft. head, the radial 
placements of the central cantilevers are larger than those of ¢ cantilevers 3, 5, > tas 
‘and 10 ft., respectively, off « center at all elevations. This shows that at least, 
before rack occurred, the increasing curvature at the center was ‘most 

likely 4 to forms cracks on the down-stream face. However, from a comparison n of oo 
the curvature conditions at ‘different ‘elevations, it appears that the bending _ 
moments were haavarle at Elevations 40 and 50 than at Elevation 60. In | other 


have been to occur at in the « dam rather than at Eleva-_ 


Sad 


“Thee: facts are > illustrs ated most clearly in Fig. 84(b) a Fig. is 


 Nors.—The Report of the Committee of Engineering Foundation on Arch Dam Investi- , 
gation was published in May, 1928, Proceedings, Pt. 3. Discussions of the Report have ar sy 
appeared in Proceedings, as follows: November, 1928, by Messrs. Roy M. Green, Harry O. | a *lad 
Wood, and R. A. Sutherland; January, 1929, by Messrs. Camillo Guidi, A. Nadai, Nils Buer, - _ 
and William. M. Kinney ; April, 1929, by Messrs. B. A. Smith, E. Probst, and Lars R. Jor- 4 
gelsen ; May, 1929, by B. F. Jakobsen, M. Am. Soc. C. E.; August, 1929, by Messrs. Roy W. | Ae ss 
Carlson, and J. L. Savage and Ivan BE. Houk; and May, "1930, by Fredrik Vogt, Assoc. M. ue 
Am. Soc. ©. aili nc TEAS hotigge beol footie 44 
we pins Prof. of Civ. Eng., California Inst. of Technology, Pasadena, Calif. os 
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| pa Vid 40 ¥TAIDO VAST. 
bendi ag at . “Elevation 60 slight, ‘the 
In any case a negative, thrust was required before the crack in question 
~ could have formed. Basis for this conclusion may be detected ‘easily from a 
 eareful study of Figs. 86 to 89, inclusive. | Near the abutment, at the higher 
cise - elevations, considerable radial deflection i in a reverse direction is found. — This 
ie cannot be due to a uniform water “pressure; it must be due, rather, to reverse 
horizontal shear acting radially along the > individual arch elements. The “Mag: 
nitude of these deflections indicates the presence of considerable horizontal 
aig ar in the region of the haunches. The intensity - of this shear may be 
estimated by bearing i in mind the fact that a given load causes a considerably 
i \ greater deflection at its point of application when applied at the center than 
applied in the region of the haunches, which explains the occurrence 
ot of a negative thrust in the central section due to a ae load acting in the 
reverse direction near the abutment, 
de One may object that Bi igs . 86 to 91, inclusive, were re dagiwa.drom data chtaind 
in ‘Tests 9 to 13, inclusive, ‘whereas the crack in question sadesccurred pre 
= viously in Test 8 It ¢ could be claimed that the reverse deflections anay" fave fl 
been relatively ‘small if the crack had not occurred. ‘Howeve 
_ will demonstrate that the pre presence of the crack permits the leads that act in 1 the lished 


a region to cause quite large be neeorappearied T herefore, the extent of the 7 and 


: tion of 

the d Tel 

“erack. ‘The « effect of the crack is to divide the arch element into two Me 


horizontal cantilevers entirely free from the crack 


As to the date of ces formation « of t this crack , Professor Slater states, with: 
under a a head of water less than 


"greater than Elevation 50 is not probable. By comparing Figs. 86 and 87 it 
may be noted that heads of less than 50 f ft. seem more damaging i in this ‘respec 

than heads of 60 ft, since in the latter case the negative ordinates of th 


son Creek Dam experiments it seems to have been caused by 
a the shear. Previously, this shear has been 1 neglected because it has alway 
in the higher regions where the direct load: 


The peculiar shapes of the ¢ curves in Fig. 1, aw 
WN ‘a widths of the crack at Elevation 60 on the various heads of water, are wortl! 
of note. _ Evidently, the deflections n near the top of the dam depend ha) tr 
factors, namely, the effect of water load applied directly on the upper portions 
and the influence of the deflections of the lower 
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erack 

ause th 

estion 

rom indicates that. required to cause the lower 

higher arches to deflect enough to influence the higher arch elements through the 
This ‘medium of the vertical cantilevers. — Conversely, for heads greater than 30 ft., ke 


reverse the deflection of the lower arch elements due to the increased load will be : uneonh ; 
e mag:} more likely to transfer. considerable loads, t through the vertical cantilevers, to 
izontal| | the upper arch elements: which are influenced, in addition, by direct loads. me UY 
nay be _ The occurrence of the vertical crack near the bottom of the dam is also— 
der ably an interesting phenomenon : for speculation. | The arch slice at Elevation 5 is 
er than } short and thick, . Therefore, it cannot be analyzed by the usual procedure q : 
urrence & of cutting sections, that is, by the hypothesis of Navier ‘and Bernoulli. LC An 
- in the approximate analysis may be m made, assuming that the arch is an ordinary fixed — 
— beam supporting a uniformly distributed load. — Under this condition the 
btained bending moment et the ends should be double that at the center. If this is ‘ 
pref true, the que arises | ‘as to why the maximum tension should have been 
ay fave fonz: to: occur at the center instead of at the sends at 
thought One answer is indicated, namely, that no- telemeter station was estab- 
et in theff lished at the very end of this arch. The nearest telemeters are at Stations: er an 
t of the 7 and 8 (see Fig. (28)). ‘The first problem is to determine whether the posi- 
red with tion of these telemeters i is such as to. register larger stresses than those e indicated — r 
se of the by Telemeter 6 at the ecente, 
o curvel x Measured by a scale, Telemeters 7 and 8 are found to be 0.36 in. from the 
he cract center line, as shown in Fig. 28. _ The length of the beam at Elevation 5 — 


scales 1.0 in. . The moment at the « center is equal to: ng » 


=—— xX 1.0? X q=— 0. 0417 q.... 
At Stations 7 and 8 the moment is equal to: OP 


is rept} My = 55 X 1.0°X q—05 X = 0.0282 


tions ar In other words, at each of these locations the moments _ are less than at oe 
sidered # 88 center. _ Therefore, T elemeters 7 and 8 should not register tensions greater 

Ai. a than that indicated by Telemeter 6 at the center. Even this fact, however, = 


" Stever not entirely answer the question as to why the erack should have occurred 


caused bm the center and not at the ends. ine 
as alwayi ‘rom a purely logical point view, this ma may to an 
2—The total change in pone from the initial value. 
ges | in th 3 temperature on opposite faces of thedam. 
are wortlt 


nd ‘on tw 
portions 
nsmitted t0 


center inste ad of at the ends because they cause an almost uniform tension in 
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£actors 1 and 2 do not explain the occ® = 4 
— 


434 


¥ = the fibers of the beam. _ Factor 8 would explain the phenomenon if the 


_ decrease in temperature ond: the consequent i increase in tension at the center 


at Elevation 60 for first test (see Table 20), the - temperature of the up: 
. stream face had exceeded that of the down-stream face to any appreciable 
extent. — The only remaining possible causes are Factors 4 and 5, except that 
there is a still larger crack at the 1 up- -stream face near the abutments. 
this Teason, an investigation of the on the up-stream face of the 
The influence of yielding will be treated subsequently. With regard.to 
_ the existence of reverse load, Professor § Slater does not make a any statement. 
The cantilevers will be stressed considerably ; at the section of restraint. 
; aioe of the ‘compressive stresses in the vertical fibers on t the down-stream 
face, the horizontal fibers will | undergo a considerable transverse expansion in 
7 such a way as to affect the efficiency | of the ¢ concrete. c In addition, there is a 
Ragen crack at the very bottom of the dam, which implies | a reduction 
in the height of the section. Thus, the vertical ¢ compression is increased even 
‘more and the horizontal expansion is correspondingly increased. For example, 
é, - if the depth of the crack is about 10% of the original thickness the vertical 
compression will be increased about 25 per 
‘Fig. 126 shows that the horizontal crack at en 30 is at the down- 
ne ‘stream face of the dam. - The corresponding moment diagram indicates that at 
= elevation tension is produced on the down-stream | face, and, furthermore, 
that the moment at Elevation 30 is the maximum of all possible moments. 
«dt is ; obvious, therefore, that the crack had to occur at that elevation. 1 aS, 
first, might expect the negative moments s would cause 


cracks: in the» up- -stream faces but this is not necessarily true because the 


joint at that elevation might | play sor some part in that It is 
worth while t to observe, however, that at Elevation 35, where there was" another 
construction. joint, the crack that occurred was limited in extent to the 
region nearest the abutments. This phenomenon may be explained by observ: 
ing the shape of the moment diagram for the cantilever 10 ft. off center, 8 
indicated in Fig. 126, which shows that at Elevation 33 the moments’ ‘were 
a The horizontal crack at the bottom of the dam near r the up- xp-stream face is 


because it was recorded by the 3- U, when the head on 


in ‘the case of this 


he 

perfect care can withstand a head of only 30 ‘ft, what can ‘one ‘expect from 
tructures built for practical set 

_ _‘There is no doubt that, with the head i increasing, , the moment in the region 


of the erack increases also. Other diagrams be submitted showing the 
distribution of stresses on up-stream face. Figs. 94 and 96 are 
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the but they illustrate conditions only on one face, whereas: the conditions 


at the other face are of equal importance. Only ¢ a simultaneous study of both 


was According to ‘Professor Slater the maximum change in the Ww idth of the 
up- crack is 0.0014 in., with a value of ED = 8 600 000. This in terme: of 
ible stress is equivalent to a tension of: care alt 


it is not prudent to expose — structures to so great a a strain. ‘What 


1 happened after this erack occurred? Obviously, it ‘opened up 
ent. - until it reached : a certain limit waa thenceforth the remaining part of the 
aint. section was acting as a kind of f hinge. The v work that the designers had 


¢ 
originally intended the full horizontal section to perform is now done by a 7 


n in reduced section and by the undisturbed arches at the higher elevations which | 
are influenced by means of the cantilevers, 


ction It follows, therefore, that there was no reason for ‘the at 


bottom n of the dam. It should be found possible to “design the bottom | 
arches w ith a reduced that permits them to deform under load as the 
rtical 


ue B need arises, without a break. For several years the writer has emphasized the | 
futility and even the danger of making the bottom sections of f the arch 


thick.? It is useless to assign—by prescribing a a liberal thickness—to certain 


dements of the structure a task which these elements cannot perform. 


question i is not as to whether a a beam or r arch under a given | load may 


7 a structural element fail because it has been made so thick that it is prevented ; 
from | transmitting part of own own weight by ‘means of its its flexibility to adjacent 


Bice ‘properties that may be found at the fixed ends of a dam o or beam. 
“The writer cannot help expressing his profound disappointment in the choice a 
of the shape and the change in thickness of this dam . The design adopted P 
has $ an extraordinary disadvantage in in that it is not of ‘uniform: thickness and | 


is is confined to “specific by a bottom and 


pare the structural elements at different positions. Every difference in 
behavior of individual arch elements would then have been due to the difference — 
4 in their relative ‘positions, — ‘In the e present case it is not p possible to determine 
extent to which the ‘differences in behavior of the various arch or 


“cantilever slices a1 are to their different, "positions to their different 


‘th such | geometrical shapes. . As the writer conceives it, the aim of the entire Stevenson — a 
from Creek Dam experiment was to determine | how stresses change | owing to 
ae Positions in different arches or cantilevers. af The interpretation of the results is 

reaion Complicated by the introduction of such factor ble thick 

ve region “OMPlicated by the in TO uction su actors as variable thic and a 
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Discussions 
at El 
"that deserves closer The thrusts at the. abutments acting must 
the direction of the chord at the elevations may be determined, and, wats 
a 0 obviously, the change ‘ in length of ‘these ¢ chords will be proportional to the foe It 
; forces acting. If the central angle of a fixed arch is denoted by 2 Bo and the acun 
thickness, the radius, and the uniform water pressure are denoted, respectively, neon 
becau 
= the done t, r, and D, then the thrusts at the center section will be given by EN 


2- 154 are st 

In order to obtain the total thrust at the fixed ends the effect of the water Vast 

pressure on one- -half aes arch must also be taken into consideration, as follows: be ne 

Therefore, the total acting normal to the rock surface will 


‘Values of B, an from ‘Table 1. are found to. be for Elevation 17, Ge 
14°,¢ = 38. 20, and r = 99.00. At Elevation 33, B= 23° 30’, ¢ = 2.00, of wi 


99.00. Therefore: = 0 002027 and = 0. 002991, and the thrusts 


at E Elevations 17 and ¢ 33, respectively, are equal to: ad d lis lon 


“bie 970395 — 0.084210) = 0.89 r (157), 

In ‘other words, the thrusts proportional to the intensity | 
the load as. they ‘result: from Figs. 130 to inclusive. These 
curves indicate thrusts for various heads of water ‘on the dam as shown in 


4 “gente 
R 
direc 
level 
| 
head 


‘TABLE 64. —Equivatent Loaps Carriep By crack 
4 UniFoRM LOAD, IN POUNDS PER SQUARE INCH, AT Two LEV displ; 
mula 
tion 


% 


4 

iii 

9 6 

a 
— 

— 
n Fig. which sem 
Le lt able 04 are not apparent 1 for a head of 40 ft. J ‘ment 
i he diiterences shown 1n k are exactly equal for a exceed those Fig, 
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cont. Since | it is obvious that the displacements R 


dicts the evidence given in Figs. 130 to 133, inclusive. 


might be claimed that contrary to the assumptions made, the Toad 
‘acting along the arch slices is not uniform and that this would explain the i“ 


inconsistency of the curves. — However, this explanation is not satisfactory 


because the part of the load that i As not atten distributed is exceedingly 
, observe the ordinates 


of the curves for horizontal bending» Elevations 17 and 33 in Parts: @) 

and (b) of Figs. 130 to 188, inclusive. | Under a water head of 50 ft. the 1 non- 

uniformly distributed part of the load at Elevation 17, 10 ft. from | the | center 
of the line of the dam, is shown i in Fi Fig. 136 to be appreciable. Certainly, there 
are sufficient reasons to question . the data at this elevation a as will be explained 
"subsequently ; and even accepting the validity of these data the peculiar con- 
“trast 3 is not explained because then the change i in thrust at Elevation 33 would 
“be negligible while at Elevation 17 it would be considerable. In the latter case, 


for example, the thrust: would increase in the ratio of 1150 :800 instead of — 

 *Fig. 19 illustrates conditions that appear reasonable as a matter of common 


| 


sense. Consider the center cantilevers isolated from all adjacent cantilevers. 


7 


the foundation rock i is s proportional to ‘the water pressure . that atts “upon the 
cantilever. Since this pressure increases in a quadratic ‘ proportion to the head 
Rese; of water at any point, the radial displacement at the foundation must be repre- | 
sented by parabolic curve similar to that in Fig. 7 
cS) ee teferring to Fig. 81 it is evident that the ‘deflection, of the rock along the 


ad) 
(157) direction of the chord at Elevation | 60 will not be appreciable unless the water 


level i is very high. ‘Fig. "7 indicates that at Elevation 60 the crack is not closed 
and, hence, one cannot speak of an arch thrust at that elevation, until the water > 
¢ “head has approached the highest - possible value. 4 ‘It seems contradictory that = 
‘Vie. 81 should i indicate even a slight deflection of the rock before the water — rs 6; 


level has reached Elev ation 50, § since ‘the crack is still ‘open up t to ‘that time. 
‘This phenomenon 1 may be explained by the action of the intangible ir 
emanating to the ‘Tegion | of ‘Elevation 60 | from the elevations where there is no 
cw explaining I Fig. 82, Professor Slater states that the agreement between — 


observed and those computed by applying Dr. ‘Vost’s formula is 


thn th they appear to be from a comparison of the curves in Fig. 82. In fact, ; 
bs was. necessary for Professor Slater - to determine the value of w, in that for- 
ma! “mula, which i is exactly the thrust computed by Equations (153) and (154). The — 
| - value for 1 w thus obtained did not agree with the deformation observed at Eleva- 
Be oe 17. This result does not indicate any error in Dr. Vogt’s formulas, which fe 
De are e intended merely to express the proportionality between 4 and w. It shows 
1 seems 4 only, that the thrust computed and the deformation observed were not in agret . 
f 40 ft. 4 ment, Application of that formula resulted also in carrying tl the error into 


- those Fig. 82. In ‘correcting the diagram for t the loa acting on the arch slice at 
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‘dee 

Elevation - 17, the thrust will also be corrected and then the coincidence of the — 

two curves in Fig. 82 at that point will « occur automatically. 

: The most important part of Section 32 is the statement that the arches It mS 

_ undergo an appreciable lengthening under the effect of a load. . This fact at dif 

_ implies the creation of a new and additional : system of stresses due to the a action form. 

of a pair of equal and opposite forces applied at the ends of the arches along crack 

_ the direction of the chord. | Considering the arch h slice at Elevation 17, , which § th 

has a central angle of about and a thickness of about 3. 20 ‘ft, it is “up-str 

obvious that the forces necessary y to produce the rib- lengthening found by ihe 

experiment, ‘must be quite large. As this arch does not differ materially from hypotl 

the shape of an ordinary beam, the unit tensile strength will be practically, by 2 f 


the most t interesting features of this Section. If if the ‘deflection Tn 
_ curves at the lower elevations (about 20 ft.) are compared to similar curves” “head, 


Ritenen by Professor C. Guidi, | an incomprehensible contrast is noted. (See parab 


was found to be small | at the crown and large at the haunches. 


Despitesthis contrast there i is a surprising similarity betw een the total dis- 


found 


tribution of loads acting along the arched slices in both cases. _ Apparently 
4 - guided by intuition, Professor Guidi found a parabolic distribution for the load & 46 


decreasing from a maximum at the haunches to about three- -fourths of its” | «RIBS. 


original value at the crown. Conversely, it is discovered that t the non-uniform m 
part of the load as shown in Fig. 124 (Elevation 30) decreases parabolically Ih Fi 
from the abutments toward the center, and, furthermore, by computing the hanne 
_ average e equivalent load carried by axial thrust, assisted by Fig. 182, one finds be aln 


ME 


7 ‘that the maximum intensity of the variable load is ; approximately one-fifth of 


“the aforementioned equivalent | load. _ Henee, ‘it it is shown tl that the 1 total load on cleme: 

- decrease : from the haunches toward the « center, to four- fifths of the | original “ye 
value, which agrees with the findings of Professor Guidi. This finding 
_ course may be a coincidence, but it seems desirable to call attention to | it espe o 


cially 3 in view of the marked contrast in 1 the corresponding deflection curves. “ 
oi Professor | Slater calls attention to the ‘sharp | break at Elevation 30, as shown 
oe in Fig. 83. 45 As ‘the result of perfectly logical reasoning, he discards ‘the: 


e. a hypothesis that this sudden break may be due to the presence of the horizontal . 
erack near the bottom. He then makes the s statement that there i is, however, thick 
i. some relation between the crack and the amount of maximum deflection as ™ , 
indicated by the similarity in the shapes of the curves in Figs. 76 and 83. b bint 
the -writer’s opinion, the shapes of | these curves may b be > explained without | reveal 
Lit admitting an any but an incidental connection between them. Attention has been Fae 


=f called to the fact that marked deflections | cannot occur near the lower parts of 


the dam because of unusual dimensions, resulting in an extremely large ratio. 
of thickness to length of the arches unless the water level reaches a certain 
head. When the- water level is enough ‘the effect of deflection 
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the I in the lower arches on the maximum deflection in the higher ; arches will i 

quite rapidly. This will | explain the sharp break ii in the curve at at Elevation 30. 
per Iti is utevesting ‘indeed to note that all curves for t the deflection of given points 


at different elevations under varying heads of water will be of the same , general 
form. On the other hand, the more-or-less pronounced width of ' the horizontal 


crack at the bottom of the dam i is ‘caused mostly by the bending moment acting a : 
hich on the cracked section The wedge- e-shaped : appearance of the compressed 


up-stream face suggests: that he Joad influencing the crack might be limited to 
d 7? an analogous wedge- shaped part of that a1 area. If the central angle of this | 


ike | hypothetical wedge-shaped ‘portion a at the up up-stream face of the dam is , denoted 


cally, by 28 and the. head of water is h, then the total bending moment due to the 


B(h—«x) dx = — tan 


va In other words, the width of the crack increases as the fourth power of ‘the 


“parabola m may drawn through the circles on on Fie. "6. 
is are hus, it is shown that similarity between the curves of Figs. 76 and | 934 a 7 


ts th merely accidental. — The curves in Fig. 76 would not change much even if << 


thickness of the arches was changed. On the other hand, if the thick lower 


die arches were made thinner and the nes thicker, a radical change would be 
found in the appearance of the curves in Fig. 83. 


teal —Strains Due to Applied Load.— —Some of the findings revealed 
Figs. 94 to 103, inclusive, are certain to have a revolutionary effect in eheed 


Staats ing many of the current concepts as to the manner in 1 which arch elements act. - an 

lically In Fig. 94, for example, the areas of intense strain a ar re focused along the a a & 
ca 


a the haunches at the mid -height. An arch at Elevation 26 indicates the strain to 


» finds be almost constant from the crown to the abutments where it increases abr uptly. ] 
fth of At Elevation 5 50, the change of the strain along th the entire length of the arch 
d does -dement is surprisingly uniform. In the latter case ‘the strain was increasing 
-iginal very slowly at first until it ‘reached a maximum not far from the end, at which — 


tne at Point it dropped suddenly to a minimum at the abutments. _ The rate of this 


t espe - final drop i is enormous since in a distance of about only 10 ft. , the reduction 4 
shown This demonstrates the futility of attempting to establish as | $0- -called economic 
ds the shape : for the arch, choosing its axis and its thickness at the different sections 4 a 
‘rontal @ % that it may fit better to a uniform load than the ¢ circular arch with constant wae 

¥ thickness. Fig. 94 indicates that the actual load acting on any specific: arch 
ywever, a 
3 In x Fig. 102 especially, is worthy of detailed study. ua The ‘most striking fact — 
vithout revealed j is that for all horizontal slices the maximum strain occurs along an 
as been approximately vertical line about 30 ft. off center. 
arts of ty 48.—Effect of Taper i in 1 Lower Part of Dam on Determination of Vertical a3 
e ‘ratio Moments —This Section outlines the procedure by w hich Professor Slater 
certain 


corrected an asymmetrical section of a _wedge- shaped beam. His assump-— 
flection = that stresses | are linearly a along the circular segment taken as 
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= KALMAN ON ARCH ‘DAM Discussions 
section not applicable t to wedge-s shaped beams, especially at sections near the 
aie restraint. In a rigorous study of some wedge- shaped beams, applying the Secti 
the ry of elas ti city, the writer concluded ths by 
The distribution of stress on normal or inclined sections is. not direct 

The maximum compression | and maximum t tension in the extreme direct 


fibers of a section are not equal. 
ae The stress along the neutral axis is not equal to zero. © nth ee plotte 
af Prag (4) The values of both the maximum positive and maximum negative Sie ~! 
gtress in the extreme fibers of sections are different from those 
ae ‘ane obtained by the Navier formula that is ordinarily used. ’ 


ms The | percentage of error in Conclusion (4) was found to be 9%, 16%, and ; nia 


08% for beams in which the w wedge angles equaled tan-* 0.5, tan“ 0.8, and 

tan? 1.0, respectively. These findings : serve to emphasize the need of prudence 
= applying Navier’s hypothesis to beams of this shape. 
—General Outline of Method of Analyzing | Test Data. Equation (22 | 


| 

expresses fact that the load acting ‘on the horizontal elements can be thrus 

into” two ‘systems may be ¢ computed separately terms of ‘fact 
 yadial deflection and axial thrust. ‘This is an excellent method of procedure. jt 


The writer, however, would like t to suggest an alternative. 


Par. I 
2a Let f(x) express the law v that g governs the distribution of load along the bts, 


(2, the deflection of the arch at the point, when a unit load is “chang 

Since e Z ( (2) may be found by measuring the deflection, and F (2, é) may 40 an 


be . computed , Equation (160) which is called an “integral equation, may be 
solved to determine the load d distribution, f(x). | ‘This entails considerable 


which is largely compensated due to the fact. that the values of 
a - deflection are required. . The values of the thrust are not needed. The method J the d 

a) Only one set of measured quantities is required. 


(b) Details obtained are more uniform. by be th ig 


‘goth io (ce) Incidental errors of measurements ‘may be more easily detected, 


-- beeause only one set of measured quantities needs to be revised 


) The number of experimental data re uired i is reduced. To 
~ a By this method the telemeter measurements would be used only to check the - 


data obtained by the clinometers, thus reversing the sequence: Deflection curve, 


_«K. —Equivalent Load Carried by Direct Thrust. —At least one interesting i “cell 
ee ee of the curves in Figs. 114 to 117, ‘inclusive, should | be ‘discussed. 1. Iti is ; in th 
a noted that the strains registered by telemeters are consistently greater than Adm: 
= obtained by means « of clinometers. One might expect that, since the thrus 

F telemeters ¥ were nearer the neutral axis, they would register th the smaller values | indic 


distance between en the two sets of instruments is not 


ve 

4 

| 

— 

— 

— 

canti 


‘KALMAN ON ARCH DAM INVESTIGATION | 


explanation of this phenomenon cannot be determined from data in 


the Sections 56 and 57. is possible that the strains determined from telemeter 
Ss - readings were computed from stresses measured in both horizontal and vertical be 
‘not. - directions while, on the other hand, the ‘diagrams prepared from the clinometer 

eet readings were drawn by considering only changes of curvature in a horizontal 
direction. If this is true the clinometer readings were 


“that case the curves representing telemeter data would require some 


nodifeations in order ‘to be > comparable with the curves | of clinometer readings. 
The most important finding described in Sections 56 and BT is that the 


‘Bont is “almost uniform along the arches. This i is explained mostly by the 


wit 


“fa fact that the arches have too small central angles, which choice i is incidentally | 

mother weak point. in this exceptionally important research enterprise. 
In practice, arch dams always have relatively large central angles. In this 

research study they should have been perhaps even wider than usual so that — 

changes i in thrust, covering a wider range, could have been 


P ih 1 Fig. 113, one might expect to find that the horizontal stress at Elevation - 


(160) 40 was a mean between that at Elevation 40 and Elevation 50. On the e contrary, : 
| the illustration seems to show that the contrast between the stress at Elevations | - 

“may 40 and 50 is more pronounced ‘than that between Elevations 30 ‘and 50. ‘Figs. 

ay be 118 to 121, inclusiv e—especially Figs. 120 and 121—show that the direct strain 7 
rable increases noticeably after the crack occurred. Commenting on t the fact, Pro- 
es of fessor Slater ‘states that “this does not seem 1 unreasonable, since the ability of 


ethod the da dam to carry load by bending was | decreased by th the formation of the crack.” J 

writer cannot agree with this statement. There would seem to be no 

ee "decrease i in the ability of the dam to carry load by bending, but rather a 


ected, & This is illustrated in Figs. 130 wl 131 which compare the distribution of 
evised loads before and after cracking. These diagrams show that the equivalent load © 
carried by bending changes relatively little after _eracking. The vertical 
i t load acting directly on the cantilever , however, decreases appreciably at — 

ck the 


tions 10, 15, and 20, exactly where the increase in arch thrust (see Figs. 120 
we and 121) is most pronounced. ‘This ‘simultaneous decrease of vertical load land 
increase of arch thrust is especially marked at Elevation 15. 


—Tno other words, the increased thrust i is , accompanied by decreased resistance 7 


‘in the cantilevers rather than by a diminished bending resistance in the arches. 4 : 


Admittedly, the conditions | are difficult to 0 analyze. For example, how can the 
‘thrust increase and the vertical bending moment decrease simultaneously, as. 


indicated in Figs. 128 and 129? The increase in thrust implies: longitudinal 


- contraction which means deflections toward the center, both in arches and 

These, i in turn, involve increase of the vertical 
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feature is is worthy of note > in Figs. 118 and 119, 
At Elevation 30, and » vicinity, with a water head of 60 ft., the thrust is two or 
ee ‘more times as great as with a water head of 50 ft. This is a phenomenon 


= - relating to the statical ‘conditions i in the shell which is absolutely contrary to 


- assumed the usual procedure of analyzing arch slices. tans 


“states, ‘Fig. that” the equivalent. load bending causes 
moments to occur even in the center at Elevation 50 despite the fact that a 
= is known to exist at this point. It would be. valuable to know the kind 
of instrument used for the measurements in this case and in computing the 
on which effective section the str stresses were distributed. 


ro. 


For: the of making a rough ¢ check with the data consider 


n 6 
that the strain at this level is 0. 000065 to ‘thrust. compressive 


stress then, is, § = 0.000065 X 3 600000 = 234 Ib. per sa. in. On | the other 
24) is | 84.000 


‘eal the magnitude of bending “moment (see e Fig. 
om Ib. which, for a thickness of 2 ft., gives a maximum bending stress of 
= “Sa 354 si ee: sq. in. The proportion between these two 


values does not seem to he satisfactory since, throughout the entire report, 
stresses” due to bending are consistently reported | lower than those due 


check relation. between these two quantities may be expressed in 


terms of the algebraic quantities, - and , Signifying com- 


pressive stress maximum bending. stress, _ respectively. For ‘he arch 


under By = = = 34° and : = = 0. 00562 Fig. 118, 700, and 


Hence, and the bending stress is. to 


The proportion between these two terms is quite. different | from 233 354 as 


xplain the difference adequ ai, Another inconsistency appears in 


yen ‘yl At Elevation 60, the telemeter registered an average § strain of about 

al 0. 000020, while, at Elevation 50, the strain registered is” only about 0.000013. 
—Load Carried Vertical -Bending.—According to Figs. 128 and 124, 

he cantilever loads are larger. before than after cracking. On the other hand 

ae g. 85), the deflections of the cantilevers are less before than after crack 
ing. one might expect that these deflections would | vary direct!y 

et | in with corresponding variations in applied loads. This paradox i is explained by 
; J the fact that, actually there are no cantilevers, but beams, fixed at one end ani 
resting for their « entire length more or less on the elastic support furnished by 


the arches. After: cracking, the higher arches deflee more, the elastic suppor 
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furnished to the cantilevers is effective, and ¢ a 


load will cause larger deflections in the cantilevers. — ~The > resistance of the = 


dastic 2 support ‘of the arches to the deflection of the cantilevers i is ‘illustrated a 


by the presence of the negative load at the higher levels. Figs. 128 and 129 7 : 
indicate that after the crack occurred these loads became considerably = 


‘It is to be regretted that no satisfactory knowledge has been gained con- 


‘gue the bottom of | an arch dam, ye hich is the most vulnerable part of such 
a structure. This is s due partly to the insufficient ‘number | of instruments in 


(68. Results of Tests to Determine Load Carried b ertical — 


‘This is a most important Section in that it discusses Figs. 134 and 


‘The data presented, however, are not sufficient to solve many of the questions 


that ; arise. For example, the telemeters at Stations 7 and 8, and 10 and 11 
respectively, are sy mmetrical about the center line, yet the strains indicated | 


differ widely. _ At Station 10 no bending is indicated and strains are due 
‘entirely to thrust, while at Station 9 the moments are gr reatest. _Even along the 
‘eenter line, at Stations 6, 9a and 12 (Elevations: 4, 10, and 20, respectively), 
the irregularities and differences shown by the curves are perplexing. . Espe- “+ 
cially striking is the fact that while the curves in 1 Fig. 134(a) and Fig. 134(y) 
have a vague similarity, the curve in Fig. 134(d) for an intermediate elevation __ 4 


Ite: 


Table 55 w as from Fig. 134, em No. seems to indicate that 


he distribution of bending moments along the cantilever does not agree Ww ith 


commonly accepted ideas. - Ev en taking into consideration the increased thick- 4 
ness of the section at Elevation 4 compared with that at Elevation 10 it — 7 


impossible that strains at the two levels should vary in the ratio of 8: a. T he 

presence of direct tensile strains at Elevation 20 is also difficult to explain. _ 


TABLE 55.—Srrain A “Water Heap oF 40 FEET, IN| 


1 |Maximum strain at the up-stream ps 3 

|Maximum strain at the down-stream face........... 


ih to explain the presence of compressive e strains bin, 
i and 10, one would think of the effect of ‘the weight. Thus, it will be best, 


first, to determine the approximate pressures , derived from the weight of the 


to specific weight concrete is about 0. 08 cu. in. The CO 
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and 0.0 08 50> 

pressive the average strain of. 0.000016 and 


0.000012 , as indic ated on Fig. 134(a) and Fig. 134(d), will 


and 1000000 8, respective ‘ely It will be: seen values. 
agree W ith the e compressive stresses computed from the des ad w eight of the dam. 


It should not be forgotten, of cour se, that with a head of 40 ft., , Fig. -134(a) 
indicates ressive strains that are relatively small, while for other heads: 
conditions are e shown to change rather abruptly. In any ‘case, the strains 
ue to irect stresses appear e about t e same -magnitu¢ e as those cause 
Re In Fig. 135, Professor Slater the fact that plane sections do not 
remain plane after bending. The conditions indicated by the curves in this 


Dn 
diagram are considered by Professor Slater to be the result of two causes 


e* 


& The presence of considerable direct stress or (2) ‘the presence of a erack 


in Fig. 135. In fact, between the limit of | about FE E} levation 0.05 and | 1.00 ft. 
fi above and below, the maximum stresses and strains will occur in the extreme 


fiber of the secondary cantilever. 4 Furthermore, plane sections will not remain 


4 ‘plane because of the existence of a dead strip » outside the limit of the theoretical 


area known as “secondary” cantilevers, 


i _ The writer | admits | the possibility of the presence of a crack; but ‘sufficient 
~*~ other causes may be found which at that elevation would « explain the variations 


_ from the plane sections indicated i in Fi ig. 135. ‘The intense strain indicated i in 
4 Fig. 126 may be explained at Ik least partly by ‘the presence of these other 


influences. Suppose, for example, that the sections become because of 
_ yielding. — In that case, the strains | registered on the clinometer will not | be 


: ie the atveal warp because this instrument measures the angle between the chord, 
5-10 and 10-15, which may furnish a considerably larger curvature than the: 


Sections 64 to —The writer cannot accept as logical the 


extraordinary decrease i in vertical load at Elevation 5 under ay water head of 


60 ft. 3 (Fig. 133. , Furthermore, why should there be such an enormous i in- 
-erease in thrust? | ‘The diagrams for the corresponding loads at other heads 


are quite regular and seem quite logical and there is no particular reason for 


marked irregularity in the case of a water head of 50 ft. feature 


ae _ of these diagrams that i is most incomprehensible i is, however, the change i in the 
magnitude of the equivalent load of bending and thrust from water heads of 


_ larger for heads of 60 ft. than for heads of 50 ft. at all tesa It naturally 


2 tee comparison of cantilever loads in Figs. 132 and 133 shows that they are 
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60 ft. at all elevations. On the other hand, these radial deflections are 


m- attributes of both cantilevers walt ‘iii At Elevation 5, for example, the a arch 
and deflects appreciably more u under a head of 60 ft. than of 50 ft. The load is 
“assumed to be ‘uniform at that and it follows, therefore, that the 


uniform load causing larger deflection would n: naturally be greater with a 60: ft. 


head» than with a 50-ft. head. In Figs. 1382 and 133, the « opposite: is 


may be that the vertical crack 1 near the bottom occurred while 
i the water head was being changed from 60 ft. to 50 ft. between expe experiments. — 
ef This y would result, of course, in larger deflections under smaller loads for a 
dc water ter head of 60 a Fig. 183 indicates that there was ¢ almost no horizontal 
bending at any ¢ elevation ex except Elevation 5 where the load ‘amounted to 
1100 Ib. per sq. This is s equal to (50% of the total water pressure at an 
elevation where one would naturally not expect. an appreciable horizontal load. 
this Comparing this. curve: with that for a head of 40 ft. at Elevation 5 it will be 
ses; fg found that there is no bending load present. Everything considered, there 
rack seems to be 1 no reason for that ; sudden i increase from 2 zero t¢ to 1 700 Ib. per sq. in. 

d The occurrence of the vertical crack be offered as an explanation 
rves but 1 that would have occurred, then, between heads of 40 and 50 ft. and not 
0 ft. between heads of 50 and 60 ft. , as stated in the foregoing remarks. Fur urther- 
more, this: -erack would not have explained why there is no bending load at 
nain Beevation 5 5 in both Figs. 130 and 181; that is, at least under a head of 40 ft. 
tical the occurrence of the erack did not wong ‘any change in in the intensity of the Ps 
cient These problems are very difficult to solve because ‘Professor has not 


“stated clearly just when the crack occurred 1 nor the manner in which the: a 
for ‘the plotting of the curves. t Furthermore, these fail 


As stated previously, the writer is of the opinion that the crack at Eleva- 


hord, tion 60 occurred if not completely, at least partly, because of the n negative load | 
n the in the haunch region. __ Professor Slater | stated that strains due to se 


moments are considerable, ‘and he supports this statement by referring to. the 
vertical crack at the top. . The writer, , however, cannot accept this conclusion. a 


ad of Professor Slater states that the ‘crack could not have occurred under a head of wad 
1s in less than 50 ft. On the other hand, Fig. 87 demonstrates that under a a water ‘ on 
heads head of 50 ft. there ees -eonsiderable reverse load with a corresponding oceur- 

n for “rence ¢ of ‘axial tension. Of ‘course, on the basis of Fig. 87 alone | one might be 
ature: ‘skeptical as to the ‘intensity of these negative 1c loads as compared with the bi 
in. the ‘intensity of the ‘positive loads. However, as shown in the part of Fig. 125° 


to the equivalent bending load at Elevation 60, the loading 


ra decidedly greater tendency to generate axial tension before the crack ar aS 


oy are than afterward. Hence, it may be expected that the diagram of loading at t 
urally "Elevation 50 ‘represents conditions that are considerably less likely to generate 
ad of axial tension than those before the crack. 


k. The writer wishes to 
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KALMAN ON ARCH DAM INVESTIGATION 
Part —The analysis yal the structural actions of the Stevenson Creek 


Dam as. presented by Professor W estergaard is very thought-provoking. 


_ The writer would like to contribute to the theoretical treatment of shells by 
- suggesting am method w vhich, it seems to him, may be more readily grasped by 
the average engineer. poe brief hint and the general principles of this method 
have been included i in two previous papers by the writer. 
i Cut | the dam into a certain number of isolated arches or cantilevers substitut- 
ing the statical effect of the removed parts by a 1 system of forces, i in addition to 


the water pressure. This sy stem of forces should represent the actual conditions: 


that exist on the hypothetical surfaces or sections of | of the arches a and cantilevers, — 
Ag while they are 2 parts « of the dam as a whole. | Of course, the exact distribution 


_ a of these forces is not’ kn known, but by the use of a trial method © (by finding : 
“certain groups of systems of forces containing a certain number ‘of para- 5 
meters), it is possible, by the principle of least work, | to select the system of 

forces: which will represent the n most accurate approximation o of the actual 
‘It is ‘an essential condition of the problem that the choice of forces shall be 
ois as to ) approximate ¥ within reasonable limits the : actual stresses as they 
exist in the structure. 3 In other words, this method consists essentially of two. 
distinct steps: First, the selection of a number of convenient c correctional foree 
"systems; . and, second, the e determination of the most correct of those | systems: 
by means of the principle of least work. _ ‘The second step is -extren nely simple. 
‘The arch and cantilever slices being acted upon by the » water pressure a and 
yo the supposed correctional forces, the stresses caused by these applied loads 
can be computed by m means of the simple and \ well- -known formulas and methods. 
When the stresses at all points are known, n, they may be substituted into the 


the work of deformation, W , a8 follows: 


This equation may then be reduced and s solved so as to determine the value of 
that parameter which will make the integral a a minimum. | ‘There are a number 


of such parameters and the problem i is to determine the theories of systems 
which seem to represent correctly the actual distribution | of stresses acting In 


the shell the imaginary cut faces between the single arch and cantilever 


“First of all, it t will be 1 necessary the shell. ‘Fig. 1 182(a) 


. represents an arch slice. The forces acting are: The water pressure, ,w, vertical 
es pressures and bending moments, horizontal shear, acting in a tangential oy 
Sen, and horizontal shear, actin radially. 


dx dy dz....... 


and Atti Reale” Ist., Lettere, V vol 
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the weight of the dam acune 
. an average uniform load caused by th q is class of stress, 
ion Except in extremely hich dam Bet 
the section in qu 


is generally q quite small. There i is, however, another aspect of this to 
be considered. ae ‘The weight acts in a vertical direction and thereby causes the . 


dam to be ‘compressed vertically. % Consequently, there will be expansion of the 7 


mple. 
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loads 
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‘stems q 


ing in 
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| 


ertical 


acting 
stress 


arch elements in any horizontal direction due to this vertical load: : that: is, 
any arch slice has the tendency to ‘undergo a certain elastic lengthening, and 


this additions als stresses indeterminate structure. 


@ 


48 


* It will be instructive t to get some idea : as — ‘the a actual stresses involv ed 
in this rib-lengthening in the case of arches fixed at both ends. Consider . 
arch slice at a distance of y ft. below: the crest of a dam. ~The weight of the - 


lama 0 of concrete resting on 1 any square inch of the cut surface i is about 90 


lb. This unit load is uniformly distributed alon the entire section on ey ery 


square in this “The vertical contraction wil be 


horizontal expansion will be - 


The elongation of a longitudinal element, rd be equal 


other words, in circular: segment w with a central equal to 2 Dos there 
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of the. necessary to return the ends of arch | to their 

original undeflected positions, thus causing a rib-shortening of the same magni- 

In order to. compare these reactions with those produced by the water ‘eed 

it will be necessary to determine the Tib- -lengthening caused by a uniform 

pressure of 0.43 y Ib. This i is the weight of water at a depth, y, below the sur- 

face. In this "case the total stress is equal to 0. A8yr, — 


165) 


The Fatio of the two rib- b-shortenings, Equation (164) and E 
Because ‘the magnitude of this ratio is in thin arches, the of 


lateral d deformation, due ue to the weight of the dam, can also be neglected in 
i, Vertical bending moments, acting in radial planes, are due to the bending | 
in cantilevers. — ‘Their ma magnitude > can only be estimated in a general way 
a "because it is not yet known how they a are distributed on the surface of the ‘shell. 
_ The vertical bending moment, M, acting in a radial plane, exerts s stresses 
in that cantilever, which are distributed ‘according | to Navier’s law. The 
‘mt - extreme fiber stresses on the up-stream and down- stream faces are equal to 


2 —-, in which, the tensile stresses are positive. A stress of —,, acting ona 


Square inch of causes an elastic elongation equal to 
Be ‘in a vertical and in a ‘borizonta direction, the e shortening” 
at equal. to ere Radial contraction does not alter the stress. conditions in ‘te 


“Longitudinal contractions and clongations involve stresses in a statically 
indeterminate ‘arch with fixed ends. In order to compute them, consider one- 


an arch segment as a statically ‘determinate ring segment. Consider one 
element of this segment bounded by the extrados and intrados | and by the two 


radii in Sia 182(b). . When n the stress ‘distribution is linear the change in 


length of the extreme the central that i is, along 


will also be to that distance. Henee, ‘the 
element will be as resented i in 182(b). 145 He! 
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In this the of the deformed element will represented 


sie total deformation of the element includes first of alla rotation 


> i 


turn, causes a certain horizontal displacement of the end 


section. ’ ‘It can e asily be ‘seen from Fig. 182(c) that a small rotation, 9s 


point, _ A, will cause the point, B, to be deflected to a new position, . <- (See 
Fig. 182(d). ) The horizontal component of this deflection is ‘equal aie 


= BB sing =ABasing = aBD. 


The value of a from ee. 67) is substituted i in Equation (168). ‘Farther- 


more, by geometry, BD= cos Then deflection of the. 
end section due to the rotation at A will be equal to, Pinball _ 


if The total cchatibons and the horizontal deflections are sti by integratin 


all the moments acting | on the elementary ‘segments of the arch. a Denoting © 
“these values by 6, and "respec tively, they may be determined by means of 


an 


(1 — cos dg = 0) (1 — cos. ae. om 

Of course, ‘these equations cannot be properly reduced until the of M 
is determined as a function of ¢. Professor Slater states the values of 


= 


M are small except at the bottom of the dam: is evident: that:i in the region 
near the abutments there is little or no bending i in the cantilever, and, ‘there-— 
fore, M must be equal to zero. At Elevation 5, along the center line, when d 


equals z zero, the value of M is “equal to 250 000 Tb. per sq. q. ft. per ft. of — 


. In order to have some basis for a comparative analysis, M will be ccrumed 


py be distributed according to the cosine Jaw. ¥ The arch will heed assumed as a 


‘ate proportional: to the distance from the neutral axis, — | 
gni- — 
— 
form 
— 
— 
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then the Jaw of distribution for M willbe: 
form easily seen that this formula gives valu — 
60°, respectively, as assumed. Substituti 


into Equations (170) and (171), the following v: — will — — the ro rotation 
and the horizontal displacement of the end section 


(2 


ato) qa 7 71) may ‘be reduced by 


sil 


y ands sin i = The results i in each case are as follows: 


The n next t thing to is the effect the water pressure on this arch 
‘slice. ‘The eight of the water column is 55 and, ‘therefore, the | water 
"pressure will be 55 OX 0.43 = «4% 3.6 lb. per sq. in. ae stated previously, this 

preeeure will create a ring total rib 

By substituting the necessary values, the ratio. between Equations (177) 
and (176) is found to be equal to 8. For purposes of this discussion, the 
is not interested in the e complete ‘computation of the actual 
He desires merely to compare the relative magnitudes. . Iti is easily seen from 

the foregoing» analysis that the ‘horizontal displacements of. ‘the statically 
determinate half arch under the action of water pressure and of transverse 
bending moment being commensurable, the stresses generated i in the two cases 
vil be of the same order of ‘magnitude. In other words, the ‘effect of the 
- vertical bending moment may not be ignored, at least not at the lower elevation. 
ach - - There are ¢ evidences that the shears lying i in the plane of the cut surfaces 
and acting in a tangential direction must be ‘comparatively small. _ Professor 
‘Slater does not mention them at all. Consider, for example, two horizontal 


slices i in the shell corresponding to the depths, ; y and y+dy. The tangential 


‘to relative tangential and radial displacements of the slices in 
those ‘points. On the other hand, it is easy to see that the flexibility of the 
as well as their relative deflection i is incomparably | jarger— in a 
padial direction than in a tangential direction. ‘This accounts for the sma 
- value of the tangential shear as compared with the radial shear. eae Fe 
Next, consider a cantilever slice of elementary thickness, rd From prac- 
leme 


“tical a ‘it has been found that — - n ¢ element of the shell undergoes 
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deflection | radial di 


horizontally tangential direction and this i in spite of the fact that its 
its resistance against radial deflections are very great, while its rigidity 


against tangential deflection i is zero. Hence, the load act- 


fact that t is as ‘with radial shear. 
‘Shearing “moments ‘Play an important: role in the theory of plane ‘slabs, in 
which the maximum ‘positive and negative tangential shears are of a greater 
order of magnitude than the shears acting parallel to the load. is ot ay mae 
wv This importance in the case of slabs is due to the fact that bending ~ 
moments change from one slab slice to the other. Let Fig. 183 represent two | 
faces of a slab element, one behind the other. Both are subjected to the action : 


of bending moments which are more or less different. sd ‘Consequently, the 
longitudinal displacements of the two faces will be different, the greatest 


Was 
“difference occurring along the upper and lower edges” of the slab. Hence, 


prem stresses of a greater or less intensity will arise, the maximum being | 
at the edges.’ Their resultant is equal zero » and they a shearing 
“the case the cylindrical shell under the moments ar are 
importance compared with the axial thrust. Conversely, in the slabs subject to 
bending, axial thrust is negligible. ‘short, according to Professor Slater, 
«Bethe amount of these shearing moments see seems ti to be relatively ‘unimportant. 
177) 
cases In conclusion, the following comment concer ning the stresses may 
of the 2 Normal stresses acting horizontally i ‘in a radial direction are very 
vation. small, They y are equal to the: water pressure on the extrados: and to zero q 
faces the intrados v varying according to a straight- line diagram between the 
fessor ces; (2) shears acting “perpendicular to these normal stresses be 
zontal eglected ; ; (3) the value of normal stresses acting horizontally i ina ‘tangential 
ential and shears acting perpendicularly them may be obtained by an 
nt pro- - analysis of the arch slices: (4) normal stresses. acting in a vertical direction 
‘ees in and shears acting perpendicularly - to them may be obtained by an analysis of 
of the i the cantilever slices; (5) therefore, all the stresses that are included in the — 
in a ‘ - integral of work, Equation (167), can be evaluated and substituted therein. 3 
» small ; The integral itself may thereafter be computed if the load system acting on 
the arch and cantilever slices i is known. vat 


a Consider the conditions 
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ial direction. On the other hand, the shares are propor- 
acting in a tangential direction. | 
— 
|= 
: 
te 
AC ial block, as shown in Fig. 155, The 
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radial shear acting on the arch slices is From Equation 


155, it is apparent ‘that the wna % load acting on the ere slices will be 


Assume that the radial shear is the satbieipal unknown quantity and sub- 


Then, the arches are acted upon by the 


load, f. If the value of f is known, the 

_ = resses can be computed in all places. Since the arches are acted upon by 
the load, w — fri in which, w is the water pressure, the factor, ds may be con- 
the correcting of a load on the arches. dala in 
“ad Selections of the Proper Values of f.—Obviously, for ¢ = = ¢o, f must be. 

. - equal to zero in a ‘shell limited by two vertical generatrices of ‘a cylinder, 

aa _ because the lateral cantilevers do not undergo any deformation and hence no 
7 a can act on them. x Besides f must be some even function of ¢, owing to— 
symmetry of the system. Furthermore, the load o on the arches decreases 


at the center it is about t 25% of its value at the abutment. All this 


evidence points to the fact that f may be assumed equal to —- cos —— 
cantilever’ loads at the abutments, , that is , for rene —— Pp: this expression becomes 


rn this: equation is an eve even function and the arch load, w —. = 
‘decreases at the rate of — | the abutment Ww 


to the center where = 0. 


_ center cannot be the same for all arches. tes Therefore, the « expression should be 


ae changed to f = a cos —— 9g, in which, a isa quantity to be determined. | 
urthermore, it is obvious hat the C08 5 may not 


2% 


‘ 
the correction factor, fina a satisfactory v way. While retaining the maximum 


value at the center and the value of zero at the abutments, some slightly 


different form of the cosine function may be considered desirable. _ This may 
by adding a complementary quantity, as follows: 


_ Equation» (179) illustrates the fact that the load acting upon the central 
4 cantilever, where o= 0, will be equal to a +b _ This « cantilever slice has — 


deflection curve similar to that reproduced i in Fig. 184. at that 
ae deflection curve shows that it involves a positive load at the top and a negative 


load at the bottom. In other words, a load similar to that ae! in Fig. 185 


must act on that cantilever. 


_ Evidently, the rate at ; which the load decreases from 1 the » abutment to the = 
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As a trial approximation, the load and Fig. 185 may be con 
a linear function of y. It may not be be a linear function, however. — For this | 
reason and also because there are two qi quantities, a and b, to be disposed of, a 
parabolic distribution will be assumed. This may, of course, practically be 
reduced to a linear distribution i if the principle of least 1 work k requires ‘such a 
curve. In Equation (179) if a= my andb = 


st be 


Values of 


The quantity, represents the load acting on the arches and this 


fact another expression involving f may be derived. No « deformation is a 
sible at the bottom of the dam and, therefore, for any value of ¢ the load, 
w—f, must b be equal to zero when H, the depth « of the dam. Since’ the 


water pressure, w, may be considered equal to the depth, y (when a satisfactory 
tatio of is chosen), the following equation must hold: 

H — m H cos n H? cos 8 - o=0 
imum 


However, this ‘elation does not apply for any value of ¢ and, consequently, be 
another form expressing ‘the function of fm be suggested, as 


‘While a (180) is a parabola of the > second ‘einai Equation (182) isa 


parabola of the third degree. The use of Equation (182) may or may 


(81) 


affect the result appreciably, but from the foregoing discussion it is not ie : a 


to predict which of the two parabolas might fit the conditions best. _ Equation " 


- (182) seems to be quite satisfactory because it 3 indicates a certain harmony = 


homogeneity i in its terms. y = H for w— ‘f, its s value 
vil reduce to 


Wage 


- 


ions 
il 
— 
be 
— 
sub-_ — 
= 
where 
7 
to the 
entral 
4 
ce has 
it that 
34 


Discussions 


o manipulate. ~The 


is (182) isa improv form which, in turn, 


may be further simplified by the addition of one more quantity which will 


peep for y = H. _ Many one soe form may be found, | of 
course. I 
dam its “capacity y to deform rapidly as 1s the distance from 1 the bottom 
arches increases. _ The significance of this fact is that the influence of the 


hina quantity to to be added 1 to Equation ( (182) should be more or less localized 


near the bottom of the dam. It is not possible + to determine how far from the 


bottom the influence of this third quantity ex ‘extends and the proper ¢ deter- 


of this of the problem must be assigned to 


~ 


in which, variable that must be properly selected. 
pal 


rd: in Equation (183), thus satisfying the condition that w — | 
However, it is not convenient to manipulate expressions -involy- 
ing Furthermore, the principle of ‘superposition does not hold for 
exponential and the ‘computation of the parameter, from the 
integral of work would be too complicated, because non- -linear equations 


involved. Hence, it is necessary to seek some — form. The 


ae that they are more or less ican except for + the higher values of 


a. From this point of ¥ view, the following formula | may be a accepted for use 


In Equation (184), the coefiic ient, c, is with 
_ respect to > the z-axis, ‘This expression 1 is assumed to hold only for the positive 


; shown in Fig. 186; that is, between ‘the values of 


= Between the values, y = 0 to y= 


value of z is assumed as equal to zero. i This assumption is permissible since 
_ the additional load is not expected to have any effect except in the lower 
“ regions. The addition of Equation (184) to Equation (179) results i in a 2 final 
(y, = m (H — y) cos iy -n(H—y cos 3 


holds te of bu because of all the corrections in 


‘function, original, (185) no the 
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Th required f for the cantilevers ¢ at the sbutmenta; namely, that 


will 

ottom hi order to avoid this difficulty, another function 1 may be cused. similar “ 
of the ‘Equation (184), in a that its value ‘should equal H for ar any value, of. gd. it will 
alized 

m the should decrease toward the abutments. At he should 


equal zero, and th the « curve should become a a horizontal line. One 
It seems that Equation (188) w ye prove troublesome since it 
at the abutments ; for any value of y: i. This i is not the case, however, because for 
any value of 4 y and which makes the second term greater than the first, the 
entire expression would have a negative value. This’ means: according to the 
foregoing statements that Equation (188) must be made Zero for all sets of 
ie of y and ¢ in 1 order to furnish a negative value for that function. wees an 
The final expression for f and w—fr may be written as follows: MTest, Psy 


(H — cos 3 


=m (H —y) + nr 
the It, can that ‘Equations (189) and (190) fulfill all the con- 
imposed, One might criticize Equation (189), because when substi- 


. 
e sine tuting = the result becomes indeterminate | and absurd as follows: 
> lower 


4 $o) = H — x, for any value of y. In this case, however, the substi-. 
| = is is not permitted At the abutments it will be -Thecessary to 


example, the last terms of “Equation (189) will have the value, 
atte H—e— 


in which, represents an extremely large quantity. expression is 

A positive until A, or, H— oN’ The significance of th 


4 
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4 
“Fas 
~ 
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(186) 
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is ‘not thea the e expression, —e (i - 9), 
the assigned value, 0, as already explained. Hence, in Equation (189), 


(y, 0) =O holds for every value of The writer wishes to emphasize the 


fact that the expression, —, re resents a special | function which — 


is obtained partly by and definition. 6 


the load acting on the arches and the beams ‘been chosen » the 
4 stresses can be computed both in the arches and in the cantilevers. All these 
eae “hs 7 values may be then substituted into the integral of the work of deformation. — 
‘There are three parameters in the expression that involves the correcting load. : 
The principle of least work supplies for determining» the most 
_ probable values of these three parameters. When th their numerical values are 


determined and ‘substituted in Equations (189) and (190), the ‘correcting 
load is determined and the ‘actual in the single arch 


the dam it was found that the v ver vertical moments, will act in 


planes and that because of the lateral expansion and ntraction caused 


a ‘hypothetical bending moment, ——, which is assumed to act in a horizontal 


direction. Corresponding stresses will be of the same order of magnitude 
= stresses caused in the arch by the action of water pressure; considered — 
jointly their effects can not be neglected. _ A correction is required to allow 


for the effect of the movement. The stresses may be ‘computed by various 
methods, two of which are given herewith. Men 
First, remember, that the load, f (y, defined by Equation (189) 


he Be determines the vertical stresses i in the cantilevers. and, therefore, in the bend- — 


ing moments. In 1 ‘the foregoing these moments and the horizontal 
moments, ~ 


"ever, since they maj may be. computed. There i is one namely, that 
. expression for the load of the arches, w — — f, becomes zero when y = H. This is 


- limiting condition i is necessary in order to agree with the sondition that the “ 


— lowest. arch | which. is fixed at the bottom does not deform. If an additional — 


system of moments, ie assumed to act at the lowest arch, this 


should undergo certain deformations which are sheolately contrary to 


In order to avoid ‘that ¢ difficulty, the load system, w be completed 


by the addition of another load of such a agnitude as to ow 


action of the bending moments, * on each, y raises 
J 
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the new solide of — to determine a system of loading that i is certain to gen- 

erate a given bending moment, — ~ a at any section of the arch. 


problems arise generally, te: load or the deflection is 
given and the other i is to be determined. ‘The two, factors a are expressed in 
common terms by means of certain definite integrals, such that when the load — 
is given, the evaluation of the deflection is a problem of ‘simple integration. 
“When the d deflection is given, on the other hand, the determination | of the 
of the load requires the solution of an integral equation as described 
previously i in this discussion. (See Equation (160). ) If the bending moment 4 


‘is given corresponding to a certain | unknown load the solution Bo be as 


rch gravity is by the following 


(108) 


= by the equation: 


4 


Fo or a load system with : a continuous aiatiihietiiat the corresponding reac 


tions” may be obtained by substituting p (¢) rd 1 for P, and integrating. 


Lana these conditions the new expressions for the reactions will be: se 


py) — 
) sin 
in which, R ($) and 8 (¢) are abbreviations that represent well 


ement given functions of The bending moments that c occur along” the 
Segment at at any section created reactions, My Hy as” well; as” 
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Squation (197) must be equal to. prescribed moment, say, 
be simplified by introducing new signs. for pty purpose o 


condensation. ‘Thus, Equation (197 “may written in the 


(9) dp + + 


This formula dif rea connects loa 
functions, and it may be solved quite rapidly because of the indefinite form of 


determined It is a composite funetion of inasmuch as the integral is 


function of cz as well as. a By use of the calculus the derivative of 


‘such a function may be ‘obtained by means of the general formula, 


Henee, the first ‘derivative of Equation (198) w 


a 


ir the equation only to 


clarify operations in analysis. 


(a) sin (¢ — da = 1) 


Equations 198) and (201), 


p(~)U 
t, the unknown funetion, 
must be practically equal to G ($)- 

first term, the following relationship is 


I G G (¢) is a well- known function. Substituting tite value of p (¢) 
into the first term of Equation (202), the following relation is obtained : . 
Ste 
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value of p (p) is to be substituted in Equation To > return to the 
“original problem, it is possible, by making use of Equation (204), to find a ee 
satisfactory expression ‘for f (y, $¢)> 8 so that the arch slice at the bottom acted 
upon directly by the load, w — f, and the transverse bending moments, M, - 

resulting from the cantilevers subjected to the load, f, and indirectly by 


the hypothetical horizontal | bending - moments, will not el 


"deformation. 


or 


put in this manner the stresses produced i in in the arches and cantilevers may be 


most value of the ‘parameters may be found. 
may be outlined as follows: It is possible to determine the most satisfactory y 
values of the parameters by applying formulas and neglecting the influence 


of the moments, —— - , on the arches. The para parameters thus | ae will define | 


The stresses used in the equations, as means of ‘the 


parameters, may be by assuming that stresses arise in the 
we The entire procedure of 


the may be results thus obtained will make 
“possible a a greatly improved solution. The influence of in temperature 


to illustrate this A method has been pointed o1 out which. permits 
the analyses of the dam w hen considered as a shell. In the writer’ $ opinion 


it is grasped: comparatively easily by engineers because it 


Ni on 2 comments have been made as to the probable distribution of 1] 


resses in ‘the s 
to at first, but a little thought will clarify pe 
ae: After becoming acquainted with the fundamental concepts of the cor 
or completing stresses or load systems that act on the arch slices in additio 
t 


0 the water pressure, there can be no further difficulty i in grasping the ‘method 
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- The 2 problem becomes redueed to a simple computation of 


n by a given load. Such problems are 


familiar to ) engineers whose primary interest is in the design of dams. 


~  e When stresses are computed and expressed as functions of the parameters, 
te the final computation n of the integral of work and of the resulting system of 
linear equations | for ‘the parameters i is very y simple and easy in operation. 2 ee 
be considerable material work, but no appreciable difficulty. 
Pee conclude, the proposed method consists of four steps, 


_ Choose a convenient containing a. few param- 


Compute the stresses in ‘cantilevers by the 
Evaluate the integral of work expressed acting 
in the arch and cantilever slices, as computed i in Step (2). Derive Na 
equation for the parameters from the condition that t they should mini- 


mize the work of deformation. wl 


Solve the ‘resulting linear equations for the parameters. 
me The last three s steps require ; no o mental effort. ‘The | accuracy and the reli- 
ie ability of the estimation ‘required for a satisfactory solution of the problems - 


involved i in the first step would be greatly improved by experimentation on a 
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FECT (OF TURBULENCE ON THE REGISTRATION 


BY Forest Nacter, M. AM. Soc. 


tion on the ‘effect of ‘turbulence on current meters has ; long been lacking, ee 
the paper under discussion fills a very definite gap in water-measurement 


_ practice. The work is exceptionally v valuable, not only because of the methods 


used, but also because of the wide variety of current- meter forms tested. ‘The 
investigated have to deal with solid angles, although 
- they must be analyzed i in hor izontal and vertical planes : for the purpose of 


showing their characteristics in diagrammatic form. Tt seems, however, that 


pene by authors for showing the detail meter 
wn igs. 29 to 34 are submitted to show a line of investigation ean out 
by the writer, that parallels with surprising closeness a small portion of the 


WwW work covered i in the paper. Figs. 29 to 32, inclusive, , show the detail work done 

4 on some of the meters available. 
_ ‘The i initial experiments were made ona large sized Price meter in excellent 


Bg ‘The curves in ‘Fig. 29 show how it is affected by flows at angles 
7: with the horizontal. On account of the obvious inaccuracy of the meter in 
question, the work * was not carried out farther than 1. indicated i in ‘the diagram. 


Later, i in order to « obtain an approximate comparison of the large Price ee 
with other meters, an arithmetical average was made betwee een the vectors 7 


Curve. D,) Fig. 29, and Curve B, Fig. 30, the latter being made on a small- sized, 
_ cup type of meter. ‘The varying effect of different forms of frame will fa a 
- edly influence ‘ the forms of Curve B, which i is made i in a horizontal ‘direction, 


for approximate purposes was considered to. be sufficiently accurate. 
‘The large Price meter was the least accurate of all ‘those examined, and was — 


- Particularly inaccurate ‘if there is a preponderance of flow coming at an angle 


_ Nore.—The paper by David L. Yarnell and Floyd A. Nagler, Members, Am, Soc. C C. E., or 
Bro published in December, 1929, Proceedings. Discussion of the paper has appeared : 
ene, as follows: February, 1930, by Charles S. Bennett, M. Am. Soc. C. E.; May, 
1930, by Messrs. Brehon B. Somervell, N. C. Grover, Burke L. Bigwood, G. H. nee, 
and Cc. Linden; August, 1930, by H. R. Leach, M. Am. Soc. C. E.; September, 1930, by 


Dr.-Ing. Latetig A. Ott; and November, 1980, by B. F. Groat, M. Am. Soc. C. gions 


=> 


_ 
| 
| 
— 
TS, 
the 
a 
— 
— 
xi 
— 
—— 
ai gh 
— 


NAGLER 0 ‘EFFECT OF TURBULENCE ON CURRENT METERS Discussions 


- with the horizontal. - registers a velocity in excess of the desired resolved § 


a. The small Price meter (Fig. 30) | shows 1 up unusually well up to angles of ; 
: 25°, but it will be noted that this. applies only for conditions of angular flow 
“Gas distributed, horizontally and vertically. For such a condition this 
: = meter is 3 probably very accurate, but it ceases to be so the moment there is a 
of angularity either in the horizontal or the vertical direction. 
‘For example, if the preponderance is in horizontal direction, ‘the meter 


bio an excess velocity ; and, bs it 


Per aul Velocity Scale 


accur 


as 


\- Various Angles shown | tf 


=60° = 50° in % of its Revs. at 


a) PRICE METER. Fic. 30.—TESTS WITH A SMALL Price METER. 


Examination of the ‘results obtained with the screw type of ‘meter ‘shows 
that it is the ideal form for use in conditions of disturbed flow, because e 


_ makes the same effort to give resolved components regardless of the direction — 
of the angularity. Of the two meters examined (see Figs. 31 and 32), the 


- Ott meter is considerably the better. - Incidentally, it may be mentioned that 
this applies not only to performance, but to the mechanical structure of meter 
"4 bearings and housing. On the basis of the correction to be applied to Curve 4 


= in Figs. 33 and 34, making its semi-minor axis 35 instead of 32, it ‘becomes 
evident that these two meters not ‘differing widely, in the 
same direction from a true value. 


va rious meters” mounted on a vertical or horizontal axis on 


installed in a 42-in. ‘pipe in which water at a temperature of between 
ea. 90 and 100° Fahr. flowed to a depth of about 14 in., at a velocity of approxi 


mately 4 ‘ft. per ‘sec. . This velocity was very constant, the discharge being: 
from several large condenser pumps. The wine was of concrete, uniform in 


smooth inside, and several hundred feet 


eth 
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“tru n simultaneously w: ith meter reading both a the zero nites n and at the 


angular ‘positions so so as to show whether the movement of the meter affected — 
= flow. The tube was for this purpose to check the 


baa, 


40 50 60 70 80 90 


Points to ight ane Left 
Points x 


31. —tTrsts WITH Orr 
+9 


Ibn of the tests the curves could not be with 
accuracy by inspection, so the method of least t squares was as adopted for deter- 4 

mining the probable location and form of characteristic curve. was use used 

for all meters, except the > large F Price, which was handled entirely by 


and by an arithmetical, average of the vectors of the two curves a 


On the basis of the foregoing determination, 


D, 


n for the small Price meter was also 1 ‘made on the basis of 
Curves D and 2D, shown i in Figs. 30 and 33, 3 in order to make possible a direct 

comparison of the probable characteristics of the three 1 meter . The a 
“hie determined on the foregoing b basis are shown in Figs. 29 to » 32, in ‘ 


_ which the circles, A and E, are the two basic curves. To afford better | com- be es 


parison these various: curves -Teplotted together in Fig. 33. Bringing 


together all curves in this form suggests a method of correcting differences 
= wo meters. Ino der to facilitate this comparison, the separate 
Curve 1 represents the performanca of a Price meter 3 rigidly sup- 
orted and subjected to angular flow unifo rmly distributed. (If the prepon- 
derance is known or suspected to be i in either the vertical or horizontal dire 
‘tion, reference, respectively, to Curve D (Fig. 99), ‘and Curve E (Fig. 30) 
will indicate the direction and possible magnitude of error.) ee Doth ¥ 
urve 5 represents a 100% curve, which would be ‘expected from any goo 


of so supported as to me bead and ‘measure the thread of the Bs 


ns 
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current, provided the support be such that the revolving element is ilies no 


Curve performance of the small “rigidly, 


¢ curves (B and F) of Fig. 30. 
120° 


60 “70 100 

Al 4 


10° 


40 50 
Per Cent Veloci 


Points o Taken to Right ‘and Left 
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Py urve | 2D represents a forced mathematical interpretation of the perform 


“ance of a small Price meter made e for the purpose of comparison only, and 


Curve 0 shows the ideal or cosine curve. , the meter. charae- 


- ‘teciatie it would alw ays register only the desired component; hence it would 


 Qurve represents the performance ce of the Ott, screw type of meter. 


Curve 4 represents the performance of the Haskell, screw type of meter. — 


- 


to Figs. 33 and 34, the. average percentage excess registered by 
meter is to the volume f the solid of revolution (A), 


bs a which is the Curve 0, enclosed by a a cone with an apex pee of 40 degrees. 
‘Similarly, the average percentage deficiency registered by» the Ott i is obtained 
oy by dividing the e volume of the solid of revolution (BY by the e same area. The 


discrepant obtained by the two “meters in deter- 
minations for the various other meters can readily be made. 


ae In forming the computations, integration is difficult by reason of the com 


- plicated : forms of some of the surfaces, but a ‘simpler method is available 
ia Fig. 34 is plotted directly from Fig. 38, the radii vectors of the various curves 
on being plotted as percentages of the corresponding radii vectors of the zero 


circle for angles up to 45 These are plotted to the 
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vertical a axis, to similar areas and for Fig. 

thermore, the area of the surface described previously is mi 


the a area of a circle of radius (20) in Fig. 34. i 220K okt nie 


No.2C C Small all Price Meter 


74 


Se 
mi Axis 49> 


Meter_+ Semi Axi; 32> 


a 


Per Cont baits |__| of Flow 


af 


— 
Fic. 33 —SuMMaRY OF CONTRASTING METER Fie, 34.—ALTERNATH 
PLOTTING 


CHARACTERISTICS. 


volumes may be by the areas “of the of the 


| 
2 of revolutions by one- -half its height. — ‘Dividing this volume by the area. of 


base, in turn, leaves: . mean ordinate of one-half the height of the actual | 


ordinate of the curve. This permits of a simple solution by dividing the 


vertical percentage ‘scale by 2, resulting in the large pereentage scale indi- 


cated at the left as plus and minus. 
4) The. writer believes that the plotting sh shown i in F Fi ig. 34, while being much 
les complete than that shown by Fig. 17, possesses a feature which could. 
desirably be introduced into the latter. Fig. 17 “apparently averages for any 

“particular stated. angle, all ‘the variations of angular flow both horizontal and 

-Yertical, but at that angle only. ‘Fig. 84 is basically an integrated diagram 
cand the plotted points of the curves at any angles (say, 20° —- are n not an average 


ger of angular effects at 20° : they, are a summation or average of all the effects — 
ailable. 
curves 


from zero to 2 20° °, assuming that these effects: exist a uniform length of time 
all degrees up to ‘that maximum. + Iti is an to turbulence as 


represented by eonstan tly 


— 
| Fig. 34. On this diagram the areas, 
— 
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_NAGLER ON EFFECT OF TURBULENCE ON CU MET Discussions. 


This appeals: to the writer as ‘truer: picture | of 
‘turbulent and its: angularity effect on a ccurrent- meter “head. 
bs ad ate ~The writer’s work, done in 1913 and 1914, was premised on on the assumption — 
all | discrepancies in current-meter observations s could be traced to dis- 
- turbed conditions in the flow, and that all types of meters would register alike 2 
according to their still-v -water ratings i 

teristics, straight , uniform, : and parallel to the direction i in n which the 1 meter 
r — 
pointed. Th he extent to which ‘the flow departs from this condition fixes 
the amount of divergence of any meter from true indication, and, of even 
greater importance, the extent of the disturbance fixes the relative discrepancy 
the indications of any particular meters. 

mn Analysis of the curves in Fi igs. 29 to 34 led quite positively to many of 
the. conclusions arrived at in the paper under discussion. It led further to the 
conclusion that the only style of meter that may be used with absolute cer- 

tainty, isa ‘rigidly supported instrument with identical characteristics for hori- 
zontal, vertical, and all intermediate ; angularities: of flow. This means that its’ 
axis of 1 rotation 1 must. coincide with the direction in which | it is pointed ; in 
other words, it must be a screw type pe of current meter. The work led further 
to an attempt to build screw I meters with modified h helical surfaces generated 
by curved lines, rather than by ‘straight- line elements, these curved lines being 
P _ disposed | as to present _ the concave side of the helical surface to the normal 


of flow, that any side angularities: would amplify angular effects 


3 to counteract the evident under-r -registering indication of the e: existing types, 


eet 
give more nearly the desired cosine fu function. 


This work attained ‘only a moderate s success, sufficient, however, to i indi- 
iiee that it wa was ; basically in the correct direction. The: writer believes that 
FS “er a moter can be built very much along the lines. of a small Ott meter, but 
bi, with a more nearly correct cosine response to angular flow. It has been demon- 
strated that it is simple to increase the ; semi- axis of the small Ott diagram 
a ce in Fig. 31, ee such an extent that positive readings | are obtained at 
_— angularities of 70 and 80 degrees. It was further demonstrated that the 
adherence of all points | to the ideal costal curve, B, is a question not only of 
curved generating elements, but also of the shape of the — itself, Fig. 32, 
illustrating a peculiarity evidently traceable to shape of head. The complet 
development of th this s combination presents an feld for ‘improved 
Fig. 34 is presented as a means of reconciling d discrepancies found in using 
meters of all different types. The discrepancy between meters: of known 
characteristi cs is an indication of. degree of turbulence or ‘angularity 
_ encountered. What i is of greater ‘importance, it might also offer a clue to the 
eS = flow even if that flow i is different from that indicated by either of the 
meters. In such application it is desirable | to have the two meters under 


~ comparison, of diverse characteristics, so that correct flow will lie between 


them. This is ; merely because it takes quite a stretch of the imagination | to 


use two such meters as the Ott and the Haskell (which, at an indicated angu- 


larity of 30 in Fig. 34, may under- -register, 113%)» and 
inerease the discharges of both of them by the i 
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: — they happen to differ by about 5} per cent. | Such a procedure, how- ; 


ever, is in line with a logical a analys sis of the ge provided in the paper and 


An investigation of tely shrouded meters would be very interesting. 
The shrouded Fteley meter analyzed? by Charles P. Rumpf, M. Am. Soc. C. ee 
_ shows an approach to the true cosine circle (Curve A), indicated by a cr oe 


. minor: axis of about 45 units, - Similar analysis of the large shrouded screw 
4 
_meter made e by Gurley would be of interest. 
the writer the significant showing of the par ‘Paper under discussion i 
the extreme over-registering possible v with both screw and cup type of meters 
under turbulent conditions. The under- ‘Tegistering of the Haskell type under 
good, but angular, flow conditions is the sole contrast, but it should be pointed — 
that under- registering resulting in a turbine efficiency exceeding 100% 
(as has actually happened) is instantly discarded; whereas, a result of 80% 
~ caused by over-registering carries no red warning flag labeled | impossible”, 
a The a authors are contributing a most excellent means of judging ‘relative 


~ meter performance, to the end that wide i inaccuracies in either direction may 


rated 
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‘DIS CUSSION 


F CONTINUOUS FRAMES BY 


By "FRANCIS P. WITMER, M. Am. S Soc. C 


FRANCIS P. M. “Am. Soc. CE. “(by letter). 100__The 


sited nethod of analysis “so clearly th at its virtues are obvious. 
The writer believes that its simple underlying | principles and surprisingly 
easy” application it the most convenient and expeditious method 
yet brought forward the practical solution of numerical problems 
* in internal bending stresses or algebraic so utions it is, of course, , not 
practically applicable as, without numerical values, one could know when 


the process s had been carried far enough for proper ap approximation, iat 


The writer would like to comment on the subject of. algebraic signs 
moments. — In 1917 he had occasion to make an ‘investigation n of indeterminate — 
bending | stresses resulting from eccentric connections in the trusses of an old 
elevated “railroad structure. This led him to. develop a method of analysis 
“Which: has since become familiar as the “slope-deflection method”. — The 


“peceesity was quickly | apparent for assuming that all moments in the same 
rotational direction were positive, regardless of where they were applied or 
whether they were external moments or internal resisting moments. Any 
vee assumption was ‘practically. certain to result i in errors and inconsistencies. ,, ns 
For illustration, consider the frame in Fig. 33. Assume that the various — 
: members have center bending from force action, as shown by the curved, dotted 
~ lines. _ ‘The usual convention, as adopted by Professor Cross, would — 
“ead to to the algebraic designations shown for moments in all members | except. 
f BC; but how shall moments in these members be ‘designated ? ? As they are 
oe vertical, it ‘may be logical to consider them similarly ‘a the | columns, 
OD;b but this. would be ‘inconsistent w with the adjacent members, A B, which — am 
are certainly ‘analogous, structurally, to the ‘members, B C. ‘The ¢ adopted oo 


vention must not have limitations the angle of slope of 


_Notz.—The paper by Hardy Cross, M. Am. Soc. C. E., was published in May, 1930, 
Discussion of the has appeared in Proceedings, as follows: September, 
1930, by Messrs. C. P. Vetter, L. Grinter, S. S. Gorman, A. A. Eremin and E, F. Bruhn ; 
October, 1930, by Messrs. A. HH. Finley. R. F. Lyman, Jr., R. A. Caughey, Orrin H. Pilkey, 
and I. Oesterblom ; November, 1930, by Messrs. Edward bE Bednarski, S. N. Mitra, Robert 
OA. Black, and H. E. Wessman : January, 1931, by Messrs. Jens Egede Nielsen, F. E. Richart, 
and William A. Oliver; and February, 1931, by Messrs. R. R. Martel and Clyde. ‘be ene 
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ANALYSIS OF CONTINUOUS AMES 


“members. Dilemmas such as these will continually occur of 


¢ character, unless the convention adopted the, assumption that al 
‘moments i in one rotational dire ection are positive. a1 


Profesor Or Cross has very properly avoided giving proofs for each of the” 


three operations , which constitute his method. — ‘The writer cannot refrain, 
however, from a brief statement which he believes. will place” these 
in a very clear light, for cases in which the moment of ein ie constant 


fundamental expression for the -slope- deflection method of 
ime cases where the straight-line axis joining the ends of a member does not 


2) 


ed in 


6; and 00, will both bez zero, 0, and M, other the fixed- 
_ at either end is simply equal to the constant in the slope-deflection equation | 
which corresponds to the existing loading. Tables of these constants are. 


available i in recent books describing this ‘method of analysis. 


Second. —Assume a moment applied at one end of ‘a member, , the other 


yi 


or mor members and are rigidly connected at a point, and a 
a ment, M, is applied at this point, M will be 80 divided among the mem- 


3 bers” that the ends of all wi ll deflect through the s same angle, 6,, and these 


‘members, ‘therefore, will carry moments proportioned thus : 
the in the second operation. prea ed 
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Third—Assume, again, member with a moment, at one end d anda 


6, at the fixed end is zero, M, an dM, = - 


Hence, = 3 M,, and the ‘ ‘carry- “over” factor is as assumed in the 
_ third operation (with the ‘proposed modification i in the alin as to signs). 


‘ B These relations | are well known, but it seemed to the writer worth 1 while to 
direct attention the ease wi ith which all the necessary relations may be 
established from the single expression, Equation (41). 
‘The author ‘mentions the: possibility t that an unsymmetrical ‘condition of form 
or loading may cause the structure to : eway, and indicates a process by which | 
correction may | be made to allow f for this. It appears 1 to the. writer that such — ; 
a condition i is really the normal one, and that the case without sway is excep- a 


tional. It seems to him important that the p ae of corr rection be illustrated =i 


Fig. 34(b) shows the same frame with moments computed by Professor Cross’ 
method, assuming that no sway occurs. From the moments in the posts, — 


ti the shear reactions, Ay, and Ho, are computed to be of the values shown. Since e 
ation these are unequal numerically, equilibrium does not obtain, showi ing that the aa 


we “structure has sway. The force, Hy, must be increased and the force, H», 2 
‘decreased so that ‘they may ‘equal: each other, for equilibrium. Furthermore, 


the numerical sum of these two correcting “quantities: must be | equal to the 


hat numerical difference between a Hy and Ag as first obtained and the two correc- — 

two tions must be proportioned to the of for the respective columns, 

total [Em order to equalize their sway. By observing these conditions it is found that P 


eee Hy must be increased by 17. 1 Ib. jba Ho must be decreased by 63. 3 Ib. , thus us 


these 


Ys X 1000 = 17100 in-Ib. and that for the right hand post, 63.3 600 
= 37980 in- Jb. These total moments must be properly divided 
between the top and bottom of the posts. “'" the horizontal girder is infinitely 


Tigid the tops fixed by these correcting ‘moments, and 
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— 
ain, 
ions 
xi. 
| 
_Consider, first, a frame without any applied horizontal force, but one which 
from 
4 
the ting reactions to agreemen at the va ue, 100.0 Ib. tLhis 1s 
4 
if 
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» moments equally | ‘between top and d bottom. With this 
tion f for the present case, the resulting total moments will be: Ans doen 


At the top, 66100 in-lb.; at the bottom, 37300 in-lb. 


At the top, 47700 in-lb.; at the bottom, 14 300 in- Ib. 
a hese are very close to the values i in Fig. 34(a), as ei should be, since the 


girder i is very rigid, as compared with the columns. 


lad 


ree 


If the. girder had 1 no 10 rigidity, the points of contraflexure, due to the correcting horiz 


te 

a 


would be at the top and the moment corrections would be wholly at at the Tecte¢ 
ed bottom. All cases will fall between these two extremes, and the correct ‘pre +g 
portion must be assumed by ‘consideration of the relative rigidities o of ‘the A 
girder and column. Probably, in most cases, the true corrections w will not 
be far from equal at and bottom, and, undoubtedly, the corrected. moments 
- may always be found in this manner, Ww vith a reasonably close approximation to f 
ui Ti Torces 


Consider, next, a frame with an applied horizontal force which will nece® 


sitate side- “sway, , whether or not the frame i is symmetric ical. L et Fig. 35(a) repre 
sent such a case, in which there also exists a lack of symmetry in size { fone ; 


columns. mom ments and ree actions shown on Fi ‘ig. 85(a) are correct 3 a Th 
by. the slope- deflection ‘First, “divide ‘the horizontal fore build; 
‘columns in to their values of in order ®| 
alize e their sway any of 
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ight column. Ne xt, compute end moments the colui nns, assuming 
& be fixed top and bottom, following this by distr ibuting unbalanced —_ 


according to the | C Cross method. Fig. 85(b) shows | the resulting moments and 
forces. It i is seen ths at the the horizontal forces are not in equilibrium, showing 
that there has been | "sway, in n addition to naturally resulting from the 


i 
horizontal foree; that is, due Jack of in the If 


I=5 000 


- 


736220 in. - Ib. 
3182960 in.- Ib 


‘Clockwise Moments 
Assumed (Positive) 


U= 1.000 in 
“3 


Ib. 


8 

3313.8 Ib 6222.8 Ib 


-3 340 400 in. 


652841, 


q 
4 fm ‘By 


DEFLECTION WITHOUT SIDE- “SWAY 


The amount of unbalanced horizontal force is be 458.4 Ib. acting 

toward the left. Each reaction , therefore, be ye incre 

aeuttiis to the value of — 3 of its column, resulting i in corrections as follows : 


152.8 lb. at the left column; and 305.6 lb. at the right column. | , Adding these 
to the horizontal formerly obtained (see Fig. 35(b)), wi will balance ‘the 


horizontal ‘forces. The total moments for the columns ‘now 


toh 152.8 X 1000 = 152 800 in-lb. 


column , = 305 600 in- 
the tops are ‘assumed ‘to be fixed by ‘the girder, these ‘moments 
equally divided between en top and bottom, and the resulting moments 
forces will be as shown in | Fig. 35(c). _ These are seen to check very closely 
with. the ¢ correct values in Fig. 35(a). If the girder i is relatively less 3 rigid, the 

point of -contraflexure will rise and the bottom correcting moment will 
greater than 1 that at the top, but generally the assumption of equal correc- uh 4 
tions at top and bottom will probably be sufficiently accurate. 
The methods . of ‘correction -deseribed may readily he a 
building of several stories, by the exercise of a little ingenuity, and thus it és 


probable the wind 1 moments in a ‘tall be computed with 
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| EVAPORATION ‘A FUNCTION OF IN SOLATION 


Discussion 


a Burr Ricuarpsox,! Esq. (by letter). @—_Much interest has been shown in | 

> study of evaporation | of lakes, and the writer was gratified to receive ad 
_ inquiries regarding t the possibility of computing the evaporation quantitatively 

from a of insolation. s might be expected ‘the Western States 


sh wn the most interest, For instance, 


“Diego, Calif, is interested in a fog- as well as 


tion and insolation data; the Scripps Institution of Oceanography of the 

University of California, at La Jolla, i is developing a plan for rainfall predic- _ 
i 
tion for Southern California, in which evaporation and insolation are oe 
important quantities ; while the motion picture industry and the Stanford 

University Marine Biological Station welcome the insolation and atmospheric 


TH 


- ‘The evaporation from a heat-insulated tank can always be computed with 


exelent results when the experiment is made with a pyrheliomceter, 
instruments, and good atmospheric data such as those from the Mount Wilson © 
“Observatory ; but when the quantity y of evaporation i is from a lake, say, in Bees- ; 

ville, where no pyrheliometer station is located, where the 

| / coefficient has never been computed, and where the observed value of evapora-— 

tion has | been measured by some caretaker | of the lake—then the results must a 

of necessity be rough average approximations, as suggested by Dr. _ Abbot. 7 
However, limiting values of each term used in the evaporation. formula ean 

be selected, and their use will set definite limits to the quantity of evaporation. 


Ina any « event, these ev aporation estimates should be more > accurate than apply- 9 
‘ing to a lake a method which is based on a know ledge of. the rainfall and an Fat, . 
estimate of the quantity of inflowing and outflowing water with a correction — 


Note.—The paper by Burt Richardson, Esq., was in May, 1930, 
Discussion of the paper has appeared in Proceedings, as follows: September, 1930, ¥ Messrs. — 
and H. H. Kimball; and October, 1930, by Messrs. D. R. >. Wells, 

Prof., Dept. of Physics, Occidental Coll., Los Calif. 
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RICHARDSON ON INSOLATION EVAPOR Discussions 


The “short- -cuts” suggested by Krynine quite 


welcome. _ According to information received fr from the Mount Wilson on. Observa- 


tory, the values of the two. terms, ‘A and p, ps used in this p pager: are not known 
places in the United States other than n those mentioned. The method of 


elie observ ations of temperatures of water surface, wet-bulb, and dry- bulb, 
which are re required i in computing the terms, H, P,,, T,, and Ty, is rather fully 


in the e two references to to the Physical Review. 
No difficulty y presents itself in . applying the evaporation fi fdeaidla't to a lake 


the night when, of course, the insolation is equal to zero. At that 
time, if the water is warmer than the air, the heat that goes into evaporation, 
well as the radiation, conduction, and convection, is taken, calorie for 
a ~ ealorie, from the quantity of | sensible heat stored i1 in the body of the water. 


Professor Cummings? has recently done some experimental work which 
= clearly the rate of evaporation from tanks of various sizes. He has also 
_ shown: the relation of evaporation to o humidity and convection. bet at 


5 le Since ‘presenting this paper the writer has: computed the evaporation from 
of the lakes of the United States where such evaporation had been 


observed, and the ‘results have been ‘satisfactory. The best results obtained 
were in cases where the lakes were near pyrheliometer s ‘stations. 


The writer is convinced of the importance o of evaporation studies will 


tions that are financially able to do so to 

_ meters; and he will attempt to interest astronomers and meteorologists ¥ 
studying the absorption coefficient of the earth’s atmosphere. 

 @ Relation between Evaporation and Humidity”, by N. W. Cummings, Bulletin, Na- 
ton Research Council, No. 68 (1929), pp. 47-56; also, ‘Alignment Diagram for Ratio 
of Convection to ‘Evaporation and Limits of Ratio of Convection to Evaporation,” by 
W. Cummings, Monthly Weather Review, Vol. 58 (1930), pp. 142-146. 


A 
whic 
= deve! 
ze OT water to g 
ed in the storag r t 
+. — e to urge those Who are interes ; d temperatures, which have for 
ding observed evaporation an made 
Powe 
to m 
addit 
Legis 
> shed 
shed 
8 
<i 
devel 


ENGINEERS. 


USSIONS 


aa 


A OF WATER CONSERVATION 


By Joun W. PRITCHETT, Assoc. M. Am. Soc. C. E. 


W. Assoc. M. Am. Soc. C. E. (by letter r).°°—The 
estimate of total storage for irrigation already developed or proposed by the 


US. ‘Bureau of Reclamation does not include proposed reservoirs in Texas 


which have not been inv vestigated by the Federal Reclamation Bureau. The 
developed | storage for irrigation in Texas is more than 1¢ 000 000, acre- -ft., not 


including | the Lower Rio Grande Valley, where permits" have been granted 


the storage of about 275 000 acre- Surveys and estimates have 


Ane 
nstitu- q made of sites that show favora ble opportunities: for the development of more 


helio than 3 500 acre-ft. of storage. EE. The storage ‘developed for water power 

‘ists sa! in Texas a amounts to about | 25 000 acre-ft. bg Storage being developed for water 

power, or for which State permits have been g granted for water power, are equal 


tor more than 2 500 000 acre-ft. The storage developed or being developed for z : 
municipal water supply “equals. 900 000 acre- -ft. That being developed for 
flood control in connection with other uses amounts to 500 000 acre- e-ft. 

addition to the foregoing, preliminary district has 1 been -ereated by 


Legislature, looking toward the development of the entire Brazos River water- 


shed for irrigation, municipal supply, power, and flood control. ‘area of 


this wa ater-shed is about 40 000 sq. miles, and the mean run- off 


5500 000 ac acre- ft. The reservoir sites s that have been surveyed in sed water- 


shed give a total storage capacity of more than 4 500 000 acre- 
Some of the common errors noted by the author, in the mand 
development of water conservation, are among those generally encountered in A 


the investigations in this s section 1 of the United States, namely: A oe 
1—The use of insufficient data on stream flow. eas 


2.—The use of rainfall records and ‘assumptions as row run- of 


out 


—The paper by a. _M. Am. Soc. C. BE. published in 
September, 1930, Proceedings. Discussion of the paper has appeared in Proceedings, as 
; b lows : January, 1931, by Messrs. E. C. Baton and A. W. a and February, 1931, 
y Messrs. W. H. R. Nimmo and C. R. Olberg. 


*Engr., State Board of Water Engrs., Austin, Tex. 
8 Received by the acini December 19, 1930. 
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PRITCHETT ON SOME ASPECTS OF ‘WATER CONSERVATIO ussions Mas 

Mr. method studying | the characteristics of storage reser- 
voirs has been applied to thirty -four Teservoir areas in Texas that have been 


—— by the Topographic Branch of the U. S. Geologic al Survey, co- operat- oe 


ing with the Texas Board of Water Engineers. ‘Some of the | areas studied 

are are mapped on a scale of 1: 24 000, with a contour interval of 5 ft; others are ies 

mapped ¢ on a scale of 1 : 48 000, with contour intervals of 10 20 ft. At 


of these areas two or more. “locations for dam were considered, 


making a total of fifty-five reservoir sites studied. The development of some 
of them would be impractical ; only a few of them have been, or are being, $ a 
= eloped. They merely represent some of the investigations that have been 
by the Board of Water Engineers, looking toward the devel 
ment: of the wi water resources of the State. In this investigation, ‘some of the 
MATE 


Z dams were car rried to maximum height for the x purpose of applying the author's 
a method of study, and not as an Satieetiee-0f what might | be ‘practical in the 


The capacity curves of the reservoirs “Table 9 were ‘drawn as straight 
ae ee on logarithmic paper, as shown by the author, For most of these reser- 
the plotted points showing capacity, fit. closely the lines. thus ‘drawn. 
For some e the plotted points: give a ‘uniform ‘upward curve; while others give 
: a uniform downw ard curve. = Some of them give a decided d curve at the lower 
heights, but soon develop into a tangent as the height i increases. s. The extension 
of some of these lines to the 100-ft. height, in order to caloulate the constants 
author’s formula, give “storage values that are probably n not reliable 
a and would affect t the accuracy of ‘the values of the constants, Cows -ealculated 
7 Tn) the arbitrary classification of the reservoirs into four types, the partic: 

cular class into w hich a reservoir may fall depends upon the shape of the cross 
- section of its area, and somewhat upon the height of the dam considered, a 
aS the value of m : may be varied considera ably by | changing the height ¢ of the dam. 
This « classification may have little to do with the general topography of the 


om sur rounding « country outside the. stream . channel. 4 However, with the foregoing 
_ observations in mind, the classification as made and used by the ee ae 


= 


225 


very satisfactory a and ‘should be useful 


aaah Table 9 | shows the characteristics of seven of the fifty-five projects —_ 


40 
y The elevation of the bottom of the reservoir is given for each point so” that by 
al comparison may be of the values of m in reference to elevation on any 


a different heights of dam, are giv en in order that comparison may be made, 
ee order to compute the value of Cwi in Item No. 9 (Table. 9) by E quation (3), 
a it was necessary to _ extend the height- capacity curve from ‘Height 40 to 
b 100- ft. depth that would 


particular stream. The computed values of the constants, m Car for 


Height 100. This may have given a capacity for 
be considerably in error, which, in turn, w ould ‘cause errors in the comput 
value « of Cy and also in the capacities and areas | taken from the diagrams. 
: ane. he author’ $ reservoir capacity diagram, Fig. 4, as well a as the other align- 


Ge are very ingenious, and should oft often be found useful in the prelim 


ment charts 
inary examination of reservoirs. Comparing | the e computed values 3 of m and Og. 
with values taken from Fig. 4, by using intersecting lines from two 
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(100 200, 300 400 500 600 | 800 |1000 


ie value of dee av er age or mean divided 
maximum depth, to any vation for th the “fifty- -five sites -considered, 
the mean value is 0.3148, corresponding to m = = 3.18. ‘Most of the reservoirs 
a fell into the “hill type” classification, which probably accounts for the smaller 
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PRITCHETT ASPECTS OF WATER CONSERVATION Discussions 


_ dotted lines for easier identification, ‘no attempt being made to fit a straight — 
to them. Table 9 also” shows a comparison of. the computed values with 
the values taken from the author’s diagrams s for capacity, ‘surface area, m,— 
and Cy. ae In computing the si site area it is ‘sometimes found that. there i is a . 


s sag at one side or the c other, that will r require the construction of a levee, 
- spillway, | or other structure. Whether or not to include this value in com- 


4 puting the « site area is a 2 problem t that i is not always easy to determine, because 
may be a a -eontinuation of the 1 main site area, adjacent. to it or w 


which these values are plotted has to do with the distance of 


Os 7 points from a straight line e drawn on the logarithmic chart. 
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AMERICAN ‘SOCIETY OF CIVIL ENGINEER. 


OF SIMILARITY AND MODELS. 


4 


of. unjustifiably urges that the b 


_ of Newton be used for . all cases of - fluid flow. _ This viewpoint seems to be .. 

- mistaken one since the correct and adequate basis for flow ‘similarity i in 2 pipes “) 

is the Reynolds n number and not that of New wton. The v writer’s experience 7 

ie with quantity- rate fluid meters shows Mr. Groat? s theory to lead to an in eB 

correct basis for flow similarity for pipes: the present usage, 


based on Reynolds n which 1 permits: accuracies | of within one- e-fourth 


od Excellent use has been made by Mr. Groat of Newton’s basis’ for r flow 

- similarity in its proper field—open channel flow and the fluid transportation _ 
of sand and gravel _(non-fixed shape and non-homogeneous fluid)—but the 
writer maintains that Newton’s basis (with g g ‘as the acceleration of gravity, 
by Mr. Groat) ‘simply does not apply to the ordinary case of F 


used par proper field. For | mentioned it can only enter 

80. far. as it may be considered in the internal acceleration of the 

eh i is taken care of : fully i in the derivation of the Reynolds number from Be 

> the balance of inertia and viscous : forces within the fluid. ‘Thus, the Reynolds ss 
number is the basis u upon which data are correlated for this case in which 

‘ whatever aceelerations are involved are certainly not due to gravitation. 


with free as Froude out for the wave- -making resistance of 
f ships, or the flow of liquids in open channels’ where the effect of the surface oF 
enters—including the case of weirs and Venturi flumes. 


ee For | steady flow i in a closed conduit of fixed ‘shape, including Venturi ae. 
and orifices, the Reynolds number is adequate ‘and correct basis for 


4 _ Notr.—The paper by Benjamin F. Groat, M. Am. Soc. C. E., was published in October, a mA 
1980, Proceedings. Discussion of the paper has appeared in Proceedings, as follows: January, 5 f 
_ 1931, by Messrs. H. Bateman and W. P. oaks and February, 1931, by Messrs. A. V. Karpov | 

“Hydr. Engr., Builders Iron Foundry, Providence, R. 
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of ase stablished beyond question by 


experiments. This criterion also holds for airplanes, dirigibles, 


submarines, and for air and with a 

P 

ortunately, it is to ‘subject flow to an inde- 


nalysis which definitely establishes variables and operators. 


‘involved so that 0 one 1 ‘may test the fitness of a generality, ‘such a as Newton’ 5 
|p ession, to the case e of fluid flow through a closed breve of fixed 


Q, through a conduit is divided streams. One flor 
ae, _ through a a long “capillary tube, M, in which the resistance ‘Se flow is due to 


cous forces, and the other flows through a Larne N, or orifice, i in which the 


resistance to flow As due to the inertia of the fiuid. 


n another paper!® the writer has demonstrated that, from a known laws” 
Ww, the | ratio of flows is, “flow ) and the for 


z ae oe on the Bape distribution. A familiar proof of this is that the direction 


of the axis of flow in a nozzle ov respect to the vertical has no effect t upon 


- the performance of the nozzle. The Reynolds number i is adequate and proper 
ce 


ec can as an n authority, that this is correct. or, if he should fail ay agree, 
to demonstrate a solution of ‘this problem in his closing discussion. 
_ The method of similarity is a most valuable one in the field of fluid flow, 
but | it must not be used blindly. In every case, the engin 


carefully which of the various physical quantities and is in- 


volved, and then select the proper dimensionless ratio as the basis for ‘simi- 


larity. hh In the case of fluid flow i in closed conduits this i is | the Reynolds numbers 
for open: channels subject to wave action it is Froude’s ratio. (Newton’ s ratio, 
s the acceleration 3 while, expansible fluids, i it is the 


and “a correction fer | the of air is certainly 


ated N The writer hie proposed the use ‘of the acousti atio, , in which, 
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i vis the ratio of differential a absolute pressure 2 and k is the ratio ¢ 

heats, for fluid flow through -rate meters. This acoustic ratio, —, may 


readily | be modified s0 as to be applicable to the air- propeller problem when 


a testing with another gas than air; this “may p 
actual use than the acoustic velocity ratio. 
Mr. Groat’s treatment of the case of air propellers (which does not involve 

8, , or Froude’ 8, ratio) is inadequate and incorrect. It emphasizes the 


ae that the various engineering fields 3 require engineers actively engaged | 


rove to be more more convenient 


; 
therein to be familiar with the use of the method of similarity so that they can 
make effective use of it. This is preferable to having “similarity engineers ‘3? 


attempting to us to use the : method in fields with which they are unfamiliar. — are 
While the method of ‘similarity has been highly useful in the field of fluid Pe > 


flow, this has been so largely because the pertinent variables have been 
ciently simple ‘(density and viscosity) to be easily to attack by 


ated 
However, for structural similarity, the method m may easily 


require considerable assistance before the results will be most useful, since 
"hardness, toughness, resistance to shear, tearing, and plastic deformation es 


scarcely to have been defined ‘adequately in a dimensionally sound 


- Furthermore, these bring in the factor of direction so that the problem intro- 

~ duces vector quantities which | may or may not be covered by dimensional 
: analysis in. determining the proper basis for similarity—along this line is the = 

familiar fact that work and torque | have ‘the same dimensional units: F K L . 

~ Complete u use also must be made of established methods of detailed analysis YS Se 

“wherever possible for checking the application of this general method of simi 


larity to structures, or any new field. Otherwise, it will suffer temporary Toss m 


of confidence and, , therefore, usefulness, due to improper | use without adequate sy 
‘hysieal understanding. Wonderfully useful as this method is, it does not oa! 
enable one one to obtain s something for nothing, being i in fact a convenient basis on = 


troat’s which to correlate data for most effective use. 


agree, The conclusions the. foregoing comments are: 


ay 


1.—The present, usage of ‘models for flow in pipes, based on the Reynolds 


flow, “number without the encumbrance of Newton’s ratio. (actually Froude’s), is 


sider entirely ¢ "consistent with sound theory, being unquestionably established by 


re. 2.—For this case of flow in . pipes, it is not necessary to synthesize fluids (to 
, “meet the joint requirements of the Reynolds number and Newton’s ratio, since 


is .—It is is necessary to follow the specific dimensionless ratio which i is perti- 
ers 0 


> Rent to any given case, rather than to attempt to use a too broad (and, hence, | 
ch the generally incorrect) generalization, such as Newton’s ratio, for all cases. It is 


a step backward to apply a universal cure-all all to cases in which it obviously 

_These conclusions are completely in to those of Mr. Groat. 
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AA. EREMIN, M. Am. Soc. 


Eneum, 11 Assoc _M. “Am. Soc. CE. letter) author 
“has developed a new method of decigting buttresses in which first + principal 

_ stress compression is uniform and second principal stress is “zero. Whack 
pr present ‘method of computing ‘principal stresses is based on assump- 
which have numerous limitations. The lines of. uniform principal 
= yy stresses ine buttress vary, due to changes in ‘temperature, shrinkage of 


eonerete, and lateral stiffness of the buttress. ‘Professor Otto Mohr’? has 


y stated that in ten dams the stresses. will be different alent Nady of the a 


they may be constructed under similar conditions. 
Principal stresses in buttresses are commonly computed with the assump- 
tion that the normal stresses in 1 the transverse section vary linearly. There- 
fore, the deformations in a buttress | must obey the principle expressed by | 
: ieee that transverse plane sections will remain plane after loading and in 
Hooke’s law, that strain is proportioned to stress that the modulus of 
elasticity of material is constant at a at all stresses. 
modulus of f elasticity of ‘conerete is However, in sections 
all compressive ve stresses, the error from, using a constant modulus of 
- elasticity i is negligible, as was also stated by the writer in another discussion. : 


A “number of "experimental tests with model walls was made order to 


prove Navier’s principle in the transverse sections of concrete gravity walls 
or Maurice Lévy** investigated a wedge-shaped wall with water 
pressure on one side, and stated that the measured deformations are in “glose 
agreement with the Navier principle. | Howey er, a small | deviation was noticed 7 
when a vertical load was applied at the crown of the wall . Later, Mr. J. H. eS 


“Mitchell and Dr. Fillunger*+ confirmed the statement “made by Lévy, and, 
furthermore, they found a departure from the Navier principle in the lower co 


-Nore.—The paper by Herman §chorer, Assoc. M. Am. Soc. E., ‘published 
a November, 1930, Proceedings. Discussion of the paper has appeared in Proceedings as fol- © 
lows: January, 1931, by Messrs. James Girand and Fred A. Noetzli; and ‘February, 1931, by 
Messrs, B. F. Jakobsen and Calvin 
, Bridge Dept., State Highway | Comm., Sacramento, 


_ Ma Received by the Secretary December 22, 1930. 
Staumauern”, by Dr. N. Kelen, p. 
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488 EREMIN ON BUTTRESSED DAM OF UNIFORM STRENGTH ISCUSSIONS 
sections a a model wall (Fig ig. 24), if a horizontal force or a moment is applied 
the ‘crest. ‘Karl Wolft* has ‘stated that Lévy’s conclusions are correct for 


F 1G. 25.—SECTION OF USED BY: Dr. 


11 tests have proved | also ~~ shear s stress in a transverse sec- 


experimental tests to determine ‘the distribution of. “stresses in gravity ‘dams 
| 


n perf ed. wi [ware 


wera or buttresses hav e been performed with ‘small-sized models and their results 
bios may | be in error when applied to the massive sections used at the present time. 
on Involved mathematical analyses of buttress. sections based on an uncertain 


- distribution of stresses may | be worthless wales a more precise method of stress 


The author has ‘properly indicated th of the buttress. 
the elementary arched columns; however, the following” factors shoul d 


in the design of the arched columns: iotieals 

—If the deck is monolithic and separated from the arched columns by a 


a5 eitseicees joint, as shown i in Figs. 4 and 5 , secondary stresses in the deck w ill 


ac: My oceur due to unequal settlement of the oblitikns or to a variable change in the 


= a —A rock foundation is seldom homogeneous | or isotropic and, therefore, 


a deformation of the foundation should be considered in any. precise design of 


fae 3.—If the elementary deck strips are » monolithic with the arched ‘columns 
“there will be reaction forces along, the center line of the deck strips where 
i 


these strips touch each other (Figs. and These forces: will vary with 
Bins ying effect of the deck due to the 1 moisture in the concrete, e, and ‘with the 
variation. in the deck, and the result Ww vill be bending stresses 

the columns, and ¢ eccentricity of ‘pressures in the foundations. 


he ny of a unit system of buttresses ‘was used by Dr. Rossin" (see 
al 


te 25). This buttress is more economical than a monolithic buttress and the 
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stresses ‘in “the ot the frame may be 

7 precision by the method of least work or any other design method 


low 


large scale are > needed. This paper isa 
contribution to the of the theory, and the application 
th e author’s new design methods to actual practice is highly desirable, 
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ISCUSS I NS” 
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YDRAULIC PIPE- LINE | ‘DREDGE 


‘By L “Assoc. ‘Am. Soc. 
from the steam- -operated pipe- -line dredge to the motor-driven units, it is well 


to bear in mind the peculiar characteristics of ‘the centrifugal pump. 
In ‘presen 


n 


pump efficiency was assumed to be 70 per 
cent. While pumps with an efficiency as high as 90% 


for clear water, it would appear to the uninitiated that t 10% could be depended 7 

upon for the dredge. . However, 1 when the dredge p pump is properly tested. it is a 

generally found that the ‘efficiency i is somewhere between 55 and 65 ‘per cent. 


This is about the minimum at which a centrifugal pump can be expected to 

th passing from the steam- driven to the motor- driven pump, whether the — 
latter receives its electrical energy from a power station or from Diesel engines, 


it is of great importance that the temperamental operating characteristics | , oa 
‘Fig. 4 ‘Tepresents the characteristics | of a typical | dredge pump driven by 


“motor. Only the fundamental int information regarding the 1 test is 

shown. Tn the. motor- driven pump it is assumed that the speed i is practically 2 
constant, This is the “point that ac accounts the condition of 


instability, as indicated by the test. For example, t the curve of total lift and — 


capacity is very y flat. At 24000 gal. per min., the head is 131 ft. At 18 000 


gal. ‘per min., the head is 138 ft. In other words, the pump capacity falls % 
25% in a change of 7 ft. 


_ The ‘power input to the “motor falls from. 1 060 to 
880, or 180 kw. 4 In eet operation the suction lift. on ‘the pump will fluctu- 
ate more than the ‘specified 7 7 ft. from 1 minute to minute, the 
material which is pic > 


resent- day steam- -dredge oper operation the ‘efficiency. of the , pump ‘is giver 
Tittle consideration. . Iti is noted that in 


the dredge, , New Jersey, the pu mp 


ee Nore.—The paper by John Francis M. Am. 
November, 1930, Proceedings. 


Soc. C. E., was published in 
follows : Fe 


_ Discussion of the paper has appeared in Proceedings as 
bruary, 1931, by R. L. Vaughn, Assoc. M. Am. Soc. C. E. wl hag as ret, reese 
*Cons. Engr., Berkeley, Calif. _ an 


Received by the Secretary, Weiruary 2, 1931. 
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j less, , and, consequently, the pump is in a continuous unstable condition, regard- 


“od Ordinarily, there is a recording g suction gauge installed on the pump. 


‘This gauge should show considerable variation, but this ‘effect should not be 
the pressure gauge WwW well- designed ‘pump. ap. A 


start 
instantly transmitted to 


widely, fluctuating pressure gauge is an indication of the sensitive pump. 

yo JA A steam- operated pump, with its more or less flexible control, has a ten- ‘Gite 

dency to ease the characteristics of the pump. There is a balance between sewag 

er and speed, as well as between head | and capacity. The electrically- 

4 _ driven pump cannot slow down, but must maintain a nearly constant speed. copie 

motor- driven pump is likely to be noisy, in part, to the constantly 


the d 


‘bent 4 


0 
Quantity Pumped in Thousands of Gallons per Minute auf ong 
Fic. 4.—CHARACTERISTICS OF A DREDGE it Hons | 
The variable- motor does not eliminate the of say, 2 
the constant- speed motor. The motor is operating at Teduced « efficiency when loss 0: 
on any contact less than full speed. ‘While on this contact, ‘it is not far from Ne 
es 
being a constant speed motor, the same as when operating | at full speed. a al _ ‘have t 


7 oe In passing from the steam-engine drive to the electric: drive, the engineer 


Woke 


“must take into consideration the difference between a constant- speed and the 
speed, ‘steam engine. course, the steam engine will be contro 


within certain limits by the Were fact the governor can be set at any 

are > centrifugal pumps now in yarjous parts: of United 


by to say, “some of ‘these pumps a very good 


efficiency. They are ‘efficient because they can be driven at a selected speed 
Try to drive them ‘electrically with | a constant ‘speed, and it will be foun 


that they cannot be satisfactorily ‘operated, due to the condition as shown it 

It ca be said the pump given as an example did have 


of 10% when ‘it was first installed. Once a dredge pump is in opera: 


tion, it “undergoes a series of alterations. Parts of the pump interior are 
fe chipped in 


| 


intentionally or worn by service, Patterns for. new parts are sir 
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_PIPE-LINE L 


own in 


al 


ing” the past few years” attention has given of ‘the: 


- sewage pump. . The pump companies have had to design the p pumps for motor 
and they have developed characteristics that should be 


“pump, it is possible to build the larger sizes as used on and anticipate 

; the desired characteristics. The electric drive will require a properly designed _ 

tows The writer does not. mnie the injection of salt or color into a line as 7 
the best method for eae data which will enable one properly to analyze the , 


operations of the pump. ‘The m most satisfactory, method is first to test the 
pump witl with clean water. The curve similar to > that i in Fig. 4 3 is obtained by 


pumping g against a partly closed valve, ‘and noting the action of suction and: 
‘pressure gauge. The Pitot tube is used in the suction pipe for the ‘capacity 


‘Measurements. — This method provides the true operating characteristics of 
> pump mp which are ‘comparable - from time to time. — Mere As 3 


From the viewpoint of the engineer endeavoring to check the character- 
“istics, the color or salt-water. injection method is not to be preferred. 
only justification would be to check or calibrate the gauges under load condi- ; 


‘tions after the fundamental information i is obtained. The fundamental infor- 
: mation is important, because one can check the condition of the pump within, 


say, 2%, from time to time, and can do this in a few ‘minutes and with no 


No ¢ doubt the there are many dredge owners with steam-driven pumps who 
have their eye on t the motor drive. It w ould | be disastrous to assume the pump — 
efficiency as 70 per cent. i> view of the uncertainty | of the operating charac- 


teristics of the pump unit, it is advisable to base the power requirements on 


| 


Too much stress cannot ‘upon the importance of knowing 


- exact performance of the ‘pump. In operating a pump direct by a ool ou 


engine, the owner is ve very. likely to be gravely disappointed, if the 
"efficiency, is rated too high. To begin with, the gas | engine or Diesel engine 


‘is not. generally given an overload rating. An electric motor with plenty of 
- ‘Teserve power from the line can readily provide an overload of 25 per cent. > 


The Diesel engine must be liberally. ‘rated, otherwise the centrifugal pump 


may be found to require - more power than was anticipated by the. assumed 


Generally speaking, little or no attention is paid to the matter of efficiency 
in the ‘dredge pump after it is once in operation. ‘The characteristics of the 
pump can change | within wide limits, and the pump — the new conditions 


wil te require ‘more powe d more repairs. systematic. plan for 7 


quipment 
ower 
capacity, and is only kept within bounds by of motor speed. It will 

na he merely a coincidence if the pump will test 70% at any period after it has = =e eae 

attention must be given to the design of the dredge pump, not only 
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checking the condition of the pump every few weeks, there is no clue as to 


how it can be improved. ‘There may have been some justification | for the lack 
of incentive on the steam-driven dredge to make frequent tests, due 
flexibility in speed and power of the prime mover. 


—- With the advent of the motor drive, genera 

"importance is available in the files of of the e1 degertment of the 
a dredge ¢ owner » to enable him to anticipate accurately the performance of the 
game pump under the motor drive. To operate a motor-driven dredge which 


- will show good efficiency over a long period of time, will require that a constant 


check be. kept on the characteristics of the pu pump. py 
es It will require the concentrated effort of a technical engineer who has a 


full working knowledge of the meaning of the characteristic curve of the y pump. 
= The dredge captain should not step from the steam dredge to the motor-driven 


_ dredge without recognizing the value of the technical engineer in analyzing 
‘the problem. cost of handling the is ‘not at only affected 


design can be altered quite unintentionally. T 


~pipe- line velocities, all contingent ‘upon the design « of pump; and which 
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OF WATER IN TIDAL CANALS 


‘By Messrs. G. UDE, EUGENE E. HALMOS, 4 AND W. 


a M. ‘Am. Soc. E. (by letter) .2# 244__Tn the closing 
the paper, “Tides and Their Engineering . Aspects”, 2 25 the writer ‘made the 


“statement that Colonel Brown had of the lowering the 
peake and 1] Delaware Canal to sea. level, and that any studies he had made Pree 
of wave propagation in the canal would be awaited with interest. The Engi- ae 
neering Profession is indeed indebted to Colonel Brown for this contribution 

‘to the subject of restricted and complex, tidal flow. 
v writer desires to preface this" discussion with the explanation that, 


vhile exception is taken to certain statements regarding ocean currents | and 


the dominant tides of the oceans, which are considered not in ord 
with th these phenomena as accepted by tidal students, it is obvious that they ‘a is : 


are used by Colonel Brown merely to round out his paper. it In n no way do they -—_ 
detract from the value of the study as to the flow of water in tidal canals, | 


assuming for the moment that the writer’s statements as to these phenomena — 


“Undoubtedly, from exhaustive study, Colonel Brown can 


successfully clarify one phase of his “ ‘reflected wave” theory. ue visualizatio: a 


of a reflected wave, in the case of a ded with a dead end, is not difficult, 3 
Tor is its agency in consuming the unexpended energy of ; the wave upon 


arrival at the end. In the case of the « canal with an outlet into a body of | “Gg 
ater, , however, it would appear that the propagation of the wave would 
continue out i into the outlet body in its original form and be dissipated in 


that body instead of being ‘propagated back into ‘the canal as a “reflected 


In the definitions, Colonel Brown Si hi term, “strength of the tide”, : 
“gparently with reference to the current. It is suggested, for ‘uniformity 
the nomenclature of this particular subject, that the term ‘ ‘current”, ‘be applied © rt 


to the horizontal movement of the water and the term: “tide”, ‘to t die 


~ 1930, Notr.—The paper by Earl I. Brown, M. Am, Soc. C. E., was published in December, _ 


Proceedings. Discussion of the paper has appeared in Proceedings as follows 
‘February, 1931, by R. L. Faris, M. Am. Soc. C 


q 

Commander, U. S. Coast and Geodetic Survey, D. C. 
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ertical movement. The ter rm, “tide”, also appears to be limited to the: motion | rota 
“Mean canal level” or or “mean river level” is as of the 
In 
differentiate sea level” “mean river level”, the be 
or “mean canal” and “mean tide lev el”, The term, level’ 
aT pplied to the plane exactly half-way between the high and low waters nai is 
- obtained by taking one-half the sum of all high waters and low waters. Mean 
- level, however, is obtained by integrating the tide | curve, at least: to the bia 
of taking the average height of the curve at frequent ‘intervals. It 
ise ustomary to use the hourly heights for this purpose. Mean river level erossil 
or mean canal level is the mean height of the water surface as influenced by § angle.’ 
the tide, freshets, and bottom slope, and is obtained in the same manner as s a 
The difference between ‘mean tide level and ‘mean § sea level, however, is 
small and if the series of observations is 3 short, the two planes may be con- Dp 
ne sidered for practical purposes as coincident. t. On the Atlantic Coast the plane fea 
- of mean sea level lies above the plane of. mean tide level—at_ Portland, Me, durin 
re 0.03 ft.; at New York, N. Y., 0.05 ft.; at Atlantic City, N. J., 0.03 ft; and Joy 
at Fernandina, Fla., 0.10 ft. On the Pacific Coast mean sea’ level i is the lower Py 
the two—at Seattle, Wash., 0. 01 at San Francisco, Calif., 0.06 ft. sand mathe 
at San Die: Calif., 0.05, This « difference in elevation of the two planes 
due to the fact. that t the tide curve isn a simple sine curve; actually, ‘the 
iwi part of the curve may be above or below the mean level of t of the water” is 


as determined from the average of 1 the high and low waters. 
- Apparently, the hydraulic characteristics i in the canal are not por om 

. The tidal data for the Chesapeake and Delaware Canal, fur- 

nished the U.S. Coast and Geodetic Survey the Army Engineer Corps, 


Hans 


“appear to indicate that the current is primarily hydraulic in the western 

‘portion of the canal, although | it loses this characteristic at the Delaware 

“Bay end. present « current. predictions made > by the Coast and Geodetic. 

=. in the Atlantic Coast Current Tables are for the location of the rail- 7 


road bridge. These predictions are based on the assumption that the aa 


' AG Under the paragraph “Tidal Waves in the Sea”, Colonel Brow n states that 


tidal currents in shallow waters near the shore line are mess iecprente acting 


the entire depth of. the sea. Observations indicate that, in rivers and 
canals, maximum is just below the surface. Mr. Pars¢ sons calls 

; o this fact i in his paper on. the Cape Cod Canal.” = Current obser- 


vations made by the U. Coast and Geodetic Survey have shown varying 
results in short series. The observations, however, over a longer s series sub- 


stantiate Mr. Parsons’ ‘statement. At ‘the principal station of ‘section 
of the Boston Harbor ‘Current Survey | by the Coast and Geodetic Survey, 


near ‘Deer Island Light, where fourteen days of observations | were obtained, 
the following velocities were observed ‘at flood strength: depth, 


Cape Cod Canal,” by William Barclay Parsons, Hon. M. Am. ‘Roc. 
LXXXII C1888), p. 1. 
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knots; 13-ft. depth, 38. 81 knots; 3 32-ft.. depth, 3 3.77 Knots; ar a 
3.75 knots. The ‘corresponding directions were 267°, 27 0°, 


In the open ocean however, ‘whete terrain has little or ‘no influence, 


the currents act with ever -decreasing velocity with the increase in depth and, 


too, the direction changes constantly as the ‘depth increases, clockwise in the 
Northern Hemisphere and counter-clockwise in the Southern Hemisphere. 


and 51-ft. 
271°, 


nd is 
In the paragraph mentioned, Colonel Brown also states. that: 
“The [in the open sea] become gyratory because of the 
ite ddibindtion of longitudinal currents with lateral currents which come and go, 
= corresponding: to the alternate rise and fall of the water on shore, or of the , 
level crossing of two co-existent directions of which at an 
= The work: an internationally mathematiciar n, corroborated 
actua observ ations ocean “currents, demonstrates that this” gyratory 
rotary, mov ement is a distinct and ever-present characteristic. of these currents, 
ae “not only along” the coasts, but over the entire ‘ocean. ‘These phenomena were 
Me first suspected by Fridtjof Nansen in his historic drift i in ‘the Arctic ice ae 
Nansen’s reported to Helland-Hansen, who demonsttated 
oa iditverbationlly that this rotary movement. is due to the deflective force of the ae, 
aa earth’s rotation, the direction of rotation of. the currents being clockwise in ane 
the Northern Hemisphere and counter-clockwise in the Southern 
ih 1 Nansen’ s theory of this rotary movement has, been proved as an ever- present 
characteristic of ocean currents, not only by the mathematics: of Helland- 
Hansen, but als so by actual current observations “made since by | 
‘ioe U. S. Coast and Geodetic ‘Survey on every light- vessel along both coasts of » 
iy the United States. it has also been checked in the open ocean by Helland- 
Hansen, utilizing innumerable reports of current effect. upon 
These ocean currents are “never” their direction. changing 
a tinually ina ‘rotary, movement at an average rate of about 30° per hour for 
semi- -diumal currents. At the station of observation the velocities vary, 
ca throughout : a tidal eycle and the directions and velocities at a station, plotted 
ting Tt appears: that Colonel Brown not accepted the “stationary wav 
a theory” of Harris" as an explanation of the changed regimen of the tide in 
ee certain 1 bodies of water in which the tide « occurs almost simultaneously through- oa 
her “out the entire length of the body and in which the turn of the 
rying “Rear the time of high and low water of at the time of half-tide. Under 
heading, “Tidal Waves in the Sea’ Colonel Brown states: 
ction _ “In general, near the coast line, the situation is intermediate between the ia 
irvey, [State of free propagation of the tidal wave, and that of filling a basin of small 


dimensions; the regimen of the tide becomes changed. The reversal or turn 
of the tide [current] is then no longer effected at mid-tide, but approaches — 


' Transactions, Am, Soc. Cc, E., Vol. 92 (1928), 
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tide. The then differ from their theoretical value and, in 
interpret the phenomena observed, one is tempted at times to have 
‘Tecourse to considerations upon the hydraulics" of running water and 


usual characteristics, or in ‘part, and in to account for 
observed facts, it must be considered as formed by a series of small waves of 


translation each of which is propagated according to its own proper law. sk" 

‘Harris’ stationary wave theory accounts for these and other apparent 


anomalies i in the tides in a more rational manner than the older ‘theories and 
iti is being accepted both i in the United ‘States and abro oad. This theory would 
explain the d dominant ‘tides of of the world a as the of ‘oscillations or 
‘waves, set up and maintained by the periodic: tidal forces of 


to a progressive wave thrown out: a near- by stationary \ wave in the 
In a body y of water, however, of ‘size and depth to “maintain 


*< independent stationary wave, , the tides may be caused by ite own stationary 


e. 


so Tt could be shown that Harris’ ‘stationary wave theory 1 furnishes a logical 
xplanation of the tidal characteristics ‘of some regions, , which differ from 
usual tidal regimen, | as the reversal of the current at the time of 


- high and low water instead of at ‘the time of mid-tide, mentioned in Colonel 


Brown’s “paper; the almost ‘simultaneous occurrence of high or low water 
"hand of the ba length of th the body; the increase of the ‘Tange: toward diy 


y; and the strictly solar tide of the eek of Ts ahiti, with its high ‘a 


ow yam occurring at about noon and midnight, and about six o’clock in 


hee the heading, “Canal ‘Connecting Two B Bodies of Water E {ach Having 
an Independent Tide of Its” Own” » Colonel Brown accepts. the th theory 


advanced i in the past by some engineers, that the characteristics of the tidal 
movement canals, for example, Seymour Narrows, Deception Pass, 


hae _ River, ete., are due to the interference of two opposed systems of waves, 
each independent of the other. the evi idence, however, direct tic tidal 
‘ and: current observation, ‘supported by the accuracy of predictions of tides ‘and 


-eurrents based on hydraulic considerations, indicates that the movement of 
the water in such straits is primarily hydraulic, brought about | by the differ- 


ence of the tidal characteristics in the connected bodies of water | and the 
_ differences 1 in the time and height of "the tide i in the two bodies. aA 1 


The ‘writer would like to i inquire of Colonel Brown whether the values 

in ‘the columns headed “Bourdelles”: and “Lévy” in Tables 3 , 4, and 5, are 


cbservations made by Bourdelles and ‘Lévy with which the | computed values 


28 Manual ‘of Tides, Pt. IV Appendix Rept. of Uz. s. Coast: ‘and Geodetic Survey, 
1900, and Pt. IV B, Appendix 5, Rept. of U. S. Coast and Geodetic Survey, 1904. i. e 


 @*«Tides and Their Engineering Aspects” , Transactions, . Am. Soc. Cc E., Vol. 92 


in the column, “Present. Theory” are compared, or whether they are values | 
computed by Bourdelles: and compared with computed values by the | 
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comsdusion, 


rite shes. to 0 express his admiration for the thor- 
Colonel Brown’s paper, and also his appreciation | of the time 


Soc. C. E. (by —The w write has 


is paper, not only because of its general appeal 
to engineers interested in the science of hydraulics, but particularly because 
of the references made therein to the paper describing the Cape Cod Canal,’ s1 


in the development of the mathematical ‘one of which the writer had the 
privilege of collaborating with Mr. P ‘arsons. ? 
| Tee analysis of ‘the tidal flow in canals presented in Mr. Parsons’ paper yak 

the theory Professor Maurice Lévy, which, in turn, is based on 


_EvGENE E. 
given ‘careful attention to thi 


@’Alembert’ a theorem defining the interdependence of the free surface of a 
fluid in motion and the forces acting on its ‘mass. — The derivation of the ken 


formulas is strictly rational, their application being restricted only by the _ 


Tequirement of compar atively small tidal variations in relation to the depth of 

In his Colonel Brows n starts with an equation (Equation (15)) which 
“the writer ¢ considers empirical and - in which the “velocity of the current is 
“assumed to be : a very simple function of the speed | of propagation, the depth 


§ of the canal, and the heig sht of the tide at the summit of the wave. He then 


uses this value of the velocity ‘in expressing the energy contained in the w ave 
and the work done by friction i in destroying this energy. rom this empirical 


beginning, the author, by the application of well-established principles of hydro a 

dynamics, and especially by introduction of his very ingenious 

of the reflected wave from the 1 reservoir, arrives at formulas and methods of 


treatment of the problem which are applicable to the varying conditions that 


.; The author’s treatment of the subject does not limit the use of his ‘inated 


and formulas to compara atively small tidal variations. It permits the considera- 


tion of friction i in such a manner as to Prove t that its effect in modifying the — 


ass, 
height: and the speed of the is greater the “negative than for the 


"tidal Positive w ave. ‘This the writer believes to be an important advance in the 
os and study of tidal, canals. The demonstration of the effect of interference of 
diffe author has shown that by his theory a very close check on both tidal 
nd current velocity” ‘is obtained when applied to ‘the Suez Canal. 


the 
However, as stated by Mr. -Parsons,*? a similar agreement of computed 


a observed results is found with the Lévy : formulas if the frictional coefficient - 
ce 18 so modified that friction, as a linear | function of the mean velocity, will 
pe absorb the same total energy as if its variation 1 depended on the square of a 
pie velocity. . On the other hand, the two methods seem to ; give appreciably different : 


results in the case of more shallow canals with comparatively large tidal | 


a  *Che. Engr., Parklap Constr. Corp., New York, N. Y. 
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"The Cape Cod Canal,” by William Barclay Parsons, Hon. Boe. ©. 
‘Transactions, Am. Soc. C. E., Vol. LXXXII, (1918) p. 1.0 RIT 
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variations. An inspection of Fig. 10 in the author’s | paper on a 


4 peake and Delaware Canal”** and Fig. 17 and Fig. 19 of present paper, 
— 4 at once reveals the fact that the tidal elevations | computed by his method n more 
appears that, 


, W while the mathematical basis of the analysis given in Mr. 
o Parsons’ paper is more rational, the results obtained from the | formulas deduce ed 
by the author may conform better ‘to actual observation for a wider range of 


a; In the writer’s 8 opinion, the empiricism of Equation (15) does not s seriously 


‘method shown by Colonel Brown for the evaluation of the frictional ‘coefficient, 
of the velocity, Vo, at the outlet of the canal, which, of course, cannot be done 
a: 
not available and must be by comparison with existing canals. As it 
a. not likely | that such canals, with closely similar cross-section, length, tidal 
ae it would be better to follow Mr. Parsons’ sugges stion and determine ¥. » by 
one of the approximate hawcwxy given in his paper on tl the Cape | C od Canal. . 
‘Under “General Remarks”, the author states that no theory can adequately 
completely solve the ‘complex problems which the regimen the tide 
factory analysis” . In this, there is a complete agreement between the author 
are never quite true in practical cases, “a priori reduce all analytical results. 
ms went 
further: than the author when he definitely stated that, in his opinion, approxi- 
velocities. in ¢ canals subjected to tidal influences. the basis. of the” 
theoretical studies, Mr. Parsons: suggested the use of particular, approximate 
formulas: for | different | types of canals” characterized by the product of their 
length and the factor, the value of which was given in his Equation (8).* 


q impair the validity of the author’ 8 formulas. He believes, however, that ‘the 
be F, is of doubtful practical value. This s method « calls for the actual measurement 
before the canal is completed. ‘For the design, therefore, this basic quantity is is 
conditions, and consistency of canal bed, easily found, the writer feels. 
4 
in practice and that such ‘complete solution “must forever ‘escape satis: 
ag and Mr. Parsons, who ¢ concluded that numerous necessary assumptions, whi hich | 
toa a | grade. of a more or less fair approximation”. . Howe ever, Mr. Parsons 
M4 mate methods of calculation should be used for the practical evaluation of the 
The writer found that this product yh the ‘Chesapeake and Delaware Canal 


F amounts to 0.972 for the 11 miles between Mile 3 and Mile 14. it, , therefore, 
would come under the Classification (c), as ‘defined** in paper on “the: 


Cod Canal. For this type, Mr. Parsons ‘recommended - the use of 
formulas s of th the French Academy of Sciences”? as likely to give close results for 
4 practical purposes, both as to tidal elevations and maximum current velocities. 

4 The writer was unable to make a numerical check, by the use of these formulas, 
; against the values ‘computed by the author, because the ‘published diagrams 
ea (Figs. 17 and 18) do not show the scale of either heights | or velocities, 1 nor could 


Of check against observed current velocitics as actual data are not yet available. 


The writer would suggest that the author make such a | check when current 


83 Proceedings, Am. Soc. C. E., February, 1930, Papers and Discussions, p. 293. 
‘ Transactions, Am. Soc. C. E., Vol. LXXXII (1918), p. 142. 
Loe. eit., p. 138. 
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Merch, 1981 

yelocity ‘measurements will information on the Chesapeake 

i and Delaware Canal and i in thie m manner ner establish 1 whether or not the recom- _ 


‘mendations made by Mr. Parsons as to the limits for the use of the ‘proper 


approximate f formulas need to be revised. af oad 
7 Nothing sa said by the writer in discussing ing this paper should detract from its” 
: value as a treatise of the highest order on the motion of water in tidal cana er 


“BLACK ON FLOW IN TIDAL CANALS: 


advance the movement of water in eanals designed to con inee 


‘The theory of the propagation of waves of translation i in canals, conceived 

Bourdelles anc aul given mathematical expression by th the author expands and com- 

_pletes the work ‘of previous v writers on the subject. + In paper, Colonel 

Brown has made a real and useful contribution to the science of hydro. 

done Bu. ACK,°® M. M. Am. Soc. C. E. (by letter).* writer deems this 

tyis B paper of § et lin the Engineering Profession. It is a distinet contri- 

Asit 


te to the vei very limited information heretofore available for determining 
4 


in which there is” tidal persor experience the w writer 


how prone many engineers have been el reat tidal currents simply as water — 


flowing under the laws which govern the uniform flow of | water in pipes and 7 
channels under ; a fixed hes ad. ‘Too little w weight has been | giv ven to the w “wave 


which action "propagated in advance of the current when the head in a stream is 
Bt 

“increased by an influx. McAlpine demonstrated this fact in the latter part 
the Fifties and in the Nineties the late Brig.-Gen.' Amos Stickney, 1.2.4. 
well 


the same his discussion of flood movements in the 
proxi: 


of the 
f the é ‘River, the ance flood wave is times greater than the 
I 
: ‘thee a he velocity YY wave propagation is greater than the velocity | of the current 
(8). and an increase of channel capacity increases the velocity of wave wr 
Canal and decreases the 1 velocity « of the induced current (Equations (2) and (16)). _ 
refore, Therefore, the necessity of considering the changes of head due to the w ave 
on the movement is sparen when the probable ‘effect of changes in channel depths 
of the | in) waterways subject. to tidal action is under study. _ The problem of the | 
alts for control of current velocities in the East Rive r, New York, » is a an example. — 
locities. Colonel Brown’s theory seems to be | "supported in its application to ‘the 
rmulas, conditions i in the several tonal for which sufficient data are available. The ms 
agrams writer believes that observations on other tidal canals will give further con- 


frmation. He hopes that investigations along this line will | be continued. 
He also hopes that similar analytical studies will be made of the tidal oa 


in estuaries, such the ‘Hudson and Delaware’ Rivers, in which’ there 
gradual change i the form | of the tidal w from one of oscillation. near the 


yr could 
vailable. 


ay -Gen., U. S. A. (Retired), Washington, D. 
Received by the Secretary, 16, 
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be. Iti ‘is only by a more accurate knowledge of the laws w a govern the tidal 


wave action that. ‘the problems | of the improvement of such estuaries | can be 
- solved with any degree of accuracy. ii ‘Under the pressure of what seemed to 
bea local necessity, channel v widths have been changed recently in the Lower 

a The effects of this change on the tidal regimen of the upper river 


cannot be a he with any certainty at this time. ‘The wane question of 
tidal action in inland waters is of the g 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


wit By H. M. Am. Soc. C 
0. H. ‘Am. Soc. ©. E. (by letter).“—The spillway of the Don 
Martin Dam is the first example of the round-head buttress type to be built. 


(‘tea 
For this reason ‘it may | be interesting to give the reasons for its adoption. a 


Comparative de esigns ere m made gr avity, multiple- -arch, and flat- 
Ambursen sections. The foundation is stratified limestone e. The st stra 


shmost horizontal. * The upper layer ers are 2 separated | by 7s and shale seams. A 


gravity section to. care ‘lifting with t conditions 


‘unknown stresses in n the arches, ‘eliminated serious 
multiple- arch section. | The flat- slab design, of course, was well adapted t to meet 
the uplift and settlement conditions. | dite 


E _ However, the round- head type was nearly as efficient as to uplift. 


unit being stable i in itself it was s equally efficient as to settlement. 


no ‘reinforcing steel : as all the material is in compression. ‘There a are no ne 


concrete sections exposed to water pressure. . Due to the greater thickness and as 


lower ‘stresses of the -stream face, a leaner concrete could be in this 
portion than would be required | for a flat- -slab section. Also, due to ‘the greater 


thickness, the operation of ‘placing concrete is similar to. the corresponding ee 


‘operation in a gravity dam. It is ‘much cheaper than placing, in the thin 


The comparative estimates, therefore, “show an appreciable saving in 

favor of the round- head buttress: dam. Furthermore, i Ww sand is 


| _ Nots.—The paper by Andrew Weiss, M. Am. Soc. C C. E., was published in December, 
1929, Proceedings. This discussion is printed in Proceedings, in the “views. 
expressed may be brought before all members for further discussion. — 


Engr., J. G. White Eng. Corporation S. en C., Mexico, 
“Received by the Secretary, February 9, 1931. 
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HOWELL THE DON MARTIN PRO. JECT 


In regard to uplift on the base of the heads and _ buttresses the » fetowing 


se 2.—F ull reservoir b hiced on one-half the area of the buttress head: 
af FSOaT. and full tail-water head on one-half the area of the buttress 
Case 3:—Average of full reservoir — and full tail- -water head on 


5 pac one-half the area of the buttress head; and full tail-water 


head on one-half the area of the buttress stem, —t*™ 


- aa inal -Average of full reservoir head and full tail-water head on 


top 


entire area of the buttress head; and full tail-water head on 

the entire area of the buttress stem. 

5—Full reservoir head on the entire area of the buttress head; 
- With the reservoir water surface at Elevation 858. 10 (the top of the radial 


= wre 
+ ty gates) » computations indicated sliding coefficients as listed in Table 1 (Items 


TABLE 1.—Supine Corrricients, Don Martin 


hed Elevation Case 1 1 | Cased cases Case 4 Case 5 

787. 20 0.575 0.692 | 0.68 | 0.692 

583 0. 0.6 0. 0,804 


ag . 4, 


765 «00.705 | (0.785.088 
‘735 | 0.696 


| 


ms ‘The weight of concrete was assumed at 140 lb. per cu. ae It actually 


ow veighs an average of 142 Ib. Tail-water was assumed at Elevation 764. With 
the water surface at Elevation 865.26, or 6. 56 ft. above the top of the radials, the 
coefficients are as shown in Table 1 (Items 7 to 12, inclusive). - Tail-w -water Was 
assumed at Elevation 770. 0. The weight of the over- ail on the back slab was 

& a If this dam were to be designed over again, “diamond heads” would be used 
. ‘instead of round heads. The same ‘Tesults are secured with a a slight saving in 

‘concrete and somew hat easier form: work. (See Fig. 12. 


occur between the units. _ There was some fear that it might be large. 


water surface i is now (January, 10 below: the of 


i 


At first, there was some doubt as to the amount of leakage which might ] 
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HOWELL ON THE DON PRosECT 


the radials. To date, been no measurable between the 
4 The copper seals between them have proved to be pr actically water- tight. ‘Due 


head; to the excellent care used in construction there is no leakage through the 
ttress | horizontal joints b between the Various concrete li lifts. slight amount of 
moisture appeared at a few joints when the reservoir began filling, but these 
* The concrete was approximately a a 1:2.5:5 mix, and the ® coarse ageregate 


ad on 


ad on 
on 


was crushed limestone passing a 3-in. screen. — The sand was made of the same 
material, al all. of w hich passed aj screen. T he w vater- -cement ratio: was varied 


somewhat, but. it averaged 1.20. maximum length | of a placement was 


head; about 100 ft., and ‘the > height of the lifts was 5 ft. a. The concrete was kept. wet— ; 
merely but w wet—for a minimum am of a week The cement used 

(Items 


a Practically no trouble was experienced on this 4. In fact, 
‘practically no shrinkage has been noticed on any conerete placed on the the entire 
project. | This i is believed to be due mostly to the extra care used in 1 prov viding — % a 
‘somewhat more than the usual quantity of curing water. 
Ina few of the buttresses hair cracks appeared i in the crown of the arches g 
in the lower gallery openings | (Fi ‘ig. 4). These cracks appeared during con- 
wit: 


struction soon after the concrete was placed. | ‘They are vertical and are 1 about 
6 ft. long. After r they were no noticed Ww as placed over the 


4, With 
dials, the 
vater was 


Jab was 
ee remaining openings s. To date, no o other cracks have —_ found. The existing — 
cracks have not lengthened a as the reservoir has filled. 

) 
As ‘stated previously, the water surface in January, 1931, about 10 ft. 
saving i in b 
si elow the top of the radial | gates. Tl Therefore, actual service conditions had 

ch wig | not been reached. However, the automatic a action | was tested by building a 
ich 


bulkhead in front of one gate and pumping the ‘space b between the bulkhead 
and gate full of water. This reproduced initial starting conditions 
Water was then pu umped into the float- wells, Movement of the gate took place ie 


05 
= 
0.868 
0.800 
0.812 
— 
1,088 
ally 
— 
7 — 
rge. The 
the top of — 


almost exactly at the computed critical v water depth in the: float- well. The 
7 4 tests also” indicated that an excess of power was available for operation, and 
that the gates would respond automatically to small changes in the reservoir 
riter believes that the round-head or diamond- head © dam should be 
considered i in all studies for sites where gra gravity, multiple- arch or flat-s slab 
would be considered. He also believes that the round or diamond- 


head buttress dam has” many inherent merits, and that these will become 
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FILT ERING MATERIALS FOR WATER AND 


PROGRESS REPORT OF THE COMMITTEE OF 
SANITARY ENGINEERING. DIVISION 


By] Messrs. Ww. S. -MAHLIE, , AND 


Pore 


(by letter “After comparing “ results of ‘the 
sodium on limestone, it appears that: there might be a 


ipiication as to the suitability of material for filters. . However, this is only | 


apparent when considering ‘the results from the entire group of testing 


‘There is considerable variation between the laboratories represented, and 

even large” differences on duplicate samples by the same laboratories. It is s : 


pointed out, that some of them made changes i in the recommended method, but 
even those reported as following the - procedure closely, : show rather 


if an engineer were selecting the material on a laboratory ssigaie't basis, 
ter probably v would have only ¢ one Jaboratory’s ; results, possibly two, but hardly 
as many as are indicated in . the report. In view of the wide » variation, it is 


doubtful whether he would be able to form an opinion strictly on numerical 
hile the results of ‘the study present evidence tl that filtering material can 
be judged by : a sulfate test, the writer is ‘somewhat inclined to think that if 


the results of one laboratory were to be the only ones considered, there would be Wa 


some hesitancy i in using the lo loss of weight as an “Gndex of quality. Taking © 


perhaps | ten stones as representing | the 1e sample and using the average e loss, 
Tn reading | the section entitled ‘ Al ‘Theory of the Sodium Sulfate Test”, it 


appears that the disruptive effect is. ascribed to the absorption of sodium 7. 


-_ Notge.—The Progress Report of the Committee of the Sanitary Engineering Division on in 
Filtering Materials for Water and Sewage Works, was presented at the meeting of the 
Division, New York, N. Y., January 16, 1930, and published in October, 1930, Proceedings. 
Discussion of the report has ge in Proceedings, as follows: October, 1930, by Messrs. 


&  -1Chemist. in Chg., Water Sewage Purification Dept., Fort Worth, , Tex. 
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RIPPLE ON FIL TERING MAT ERIALS Ss 4 Discussions 


sulfate ar and a subsequent erystallization on drying. T his leads one to wonde 

whether it would be possible to measure the absorption of water in some 

_ manner, and correlate it with other results, rather than go t through the tedious” 


twenty eycles of i immersion and drying. 
These view , of course, are Ww ithout any experience in the 


sts, but it is that ‘of the laboratories either departed 


or interpreted, the me sthod differently. qDA WAZ 


The various contributing workers are to be. ‘commended for the great 


amount of work they have done, and d especi ially those who applied the tests from 


O. J. Rivets, (by letter).2*—T Marston Lake North Side ‘Filter’ 


Plant at Littleton, Co 0.5 supplied some of ‘the data included as a part of this 
“report. The « experimental filters used 1 were 2-in. glass tubes, 5 ft. long, except 


Vos. 7 7 and 9, in Table 10, which were 4 ft. long, to take care of the extra depth 


of the anthracite coal which j is 8 used for the filter materi ial i in this plant. my ie 


‘Two Tuns were on some swhat “different plans of operation. The first 
- run w vas. eight months long, from. May to December, 192 8, inclusive, using a 


: 40-1 -in. _ rate of wash for 3 min. for the sand filters. and a 24-1 in. rate of wash 


pir re for 5 min. for the coal filters. In both 1 runs Filter No. 8 was | the large unit 


which the experimental filters attached. Bacteria and micro- organism 


8 samples were taken during the first run, but were not taken through the 


- second run, because of the poor bacterial removal during the first run, which 


: 
was attributed to difficulty i in washing the small filters Ta 


TABLE: 10.—Cuaracreristics oF Experimentau Frurers at Denver, Coto. 


Depth, in| | Effective size, Uniformity 


Sand 0.34 1.82 
5 


the second run of | seven months, from June to. 


peroentage | of wash water, the run, is less for about ‘the same 


=! 
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Turbid 
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Akalin‘ 
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“oper 
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2 
4 
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ii 

gontinued until the turbidity of the wash water was approximately (0 parts 

units 

4 


ON FILTERING 
six samples of sent by the Committee and used i in) 
% to 6, inclusive, were measured as so many inches of the va various s sieve sizes and 
‘a i by effective § size | and uniformity coefficient as is is “customary in designating | 
filter m aterials. However, in Table 10, the approximate rating by effective 
size and uniformity coefficient is given, because they will mean more to the 

TABLE 11. 1.—D. \TA OBTAINED FROM Two Runs, ExPerRIMENTAL 


from Filter | Number Material Average length of | Percentage of Rate wash, in | Rise 
No. of runs  vrun,in hours | washwater inches per minute ine hes 

1 4 ‘ 7.86 


if 


e unit 184 | | sana 

2 | 18% ‘Sand 8.1 

| 1% Sand | 

which | Sand | 108 

1% Coal | 35.9 


_*F wii No. ew was a combination of sand and coal and was not run during the 


TABLE 12.—Anatysis or Raw Water 


Maximum! Minimum Minimum 


av average 


average 


act 
that the eria per nom centimeter. 


he same 


aa in grains per gal- 
Dry sodium aluminate. 


— 
ra 
ome 
tual 
vort. 
hese 
re | | a9 
| | 32 
- 
iit 
— 
— 
— 
| | | | 8 | 
0.667 | 0.128 || | 0.168 | 0 
wi 
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the co coarsest sand filter (No. 3) gave the best results any of the 
filters, also, that No. 9, a combination of sand and coal, gave results: better 


The raw water treated during these two runs was characterized by a low 

_ turbidity, as | shown by Table 12. . This i is due to its storage in Marston Forks, 
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